a, 


& 


a 
. 


SEPTEMBER 
1942 
25c¢ 


In Canada 30c 


The Book 


You've Waited 


j 


When 300 radio servicemen who are known to be outstanding write letters offering 
to buy a book before it’s even printed, chances are it’s a good book. And then, if 
military radio engineers decide to use 2000 copies to train the men in America’s 


fighting forces . . . you know it’s a good book. 


That, briefly, is part of the story behind this new MYE TECHNICAL MANUAL. 


Just glance over this list of chapter headings, and you'll know why you want a copy. 


1 Loud Speakers and Their Use 

2 Superheterodyne First Detectors and 
Oscillators 

3 Half-Wave and Voltage Doubler 
Power Supplies 

4 Vibrator and Vibrator Power Supplies 

5 Phono-Radio Service Data 


P.R.MALLORY & CO. inc 


6 Automatic Tuning—operation and 
adjustment 
7 Frequency Modulation 
8 Television — suggestions for the post- 
war boom 
9 Capacitors—how to overcome war- 
time shortages 
10 Practical Radio Noise Suppression 
11 Vacuum Tube Voltmeters 
12 Useful Servicing Information 
13 Receiving Tube Characteristics—of 
all American tube types 


Here’s a suggestion. If you want to 
reserve a copy of this 392-page book, 
bound beautifully in hard cloth... go 
around to your Mallory Distributor to- 
day. The supply of manuals for civilian 
distribution, at the price of $2.00, is 
limited. Order your copy now! Your 
Mallory Distributor has it! 


P. R. MALLORY & CO., Inc. 
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y BILL, YOURE ALWAYS 
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A FREE Less con sot wont 6a 


HELLO JOE- WHERE VE | IVE BEEN sTUDVING RADIO AT HOME, t Bun, 
_. | WITH THE NATIONAL RADIO INSTITUTE. YOU 
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1 CANT FIND OUT HELLO, BILL— GOT A 


DID YOU LEARN 
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THAT TEST? ITS 


GUESS I'LL MAKE A TO FIX? AND WHERE DID YOU | 4 Goop RADIO JOB NOW. LETS MAKE A A GOOD ONE 
FOOL OF LET ME CIRCUIT DISTURBANCE TEST STARTING WITH 
HELP You Ps THE AUDIO OUTPUT STAGE 


=> 


AND TESTING EVERY STAGE 
RIGHT BACK TO THE 
ANTENNA. LISTEN FOR 
THE CLICKS WHEN 1 
TAP THE GRID LEADS 
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THE GOVERNMENT NEEDS 
CIVILIAN RADIO OPERATORS 
AND TECHNICIANS. IF I'M 
DRAFTED, KNOWING RADIO 
CAN WIN ME EXTRA RANK 
AND PAY. HUNDREDS OF 
N.R.1. TRAINED MEN 
HAVE GOOD RADIO JOBS 


I'VE SEEN THEIR ADS | I'M CONVINCED NOW THAT THIS 
BUT | NEVER THOUGHT 1 | COURSE IS PRACTICAL AND 
COULD LEARN RADIO AT | comPLETE. I'LL ENROLL NOW 
HOME -~ I'LL — 


MAIL THEIR A 1 


HERES THE TROUBLE, Bit, IN THE 
FIRST 1. AMPLIFICATION STAGE. | 
LEARNED THAT TEST EVEN BEFORE 
1 STARTED TAKING THE COURSE, 
BILL. IT'S DESCRIBED INA 
FREE LESSON WHICH THE 
NATIONAL RADIO INSTITUTE 
SENDS YOU WHEN 
You MAIL A 
am COUPON FROM 
ie J ONE OF THEIR ADS 


OR GET A JOB 
IN A BROADCASTING 
STATION OR AVIATION 
RADIO OR 


AND THEN | CAN MAKE 
REAL MONEY FIXING 
RADIO SETS 


COUPON RIGHT 


OR INSTALL AND SERVICE 
LOUD SPEAKER SYSTEMS 


EASY TO LEARN RADIO THE 


. : . Ele 
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> N.R.1. WAN. 1 STARTED ONLY 
Aso, 


| ‘| will send you a Lesson on 
| Radio Servicing Tips FREE 


TO SHOW HOW PRACTICAL IT Is 
TO TRAIN AT HOME FOR 


GOOD JOBS IN RADIO 


Every man who works on a Radio Re. Know Radio as an a 

ceiver, either professionally or as a Trained Technicians Know It J. E. SMITH, President ‘ 

hobby, should have a copy of my Free My Course is thorough, practical. 1 give National Radio Institute | OH BiILL- IM SO OUR WORRIES ARE OVER. 

Sample Lesson, *‘Radio Receiver Trou- = Dasic ——, in Radio ape J = Established 27 Years GLAD | ASKED You | HAVE A GOOD JOB 

bles—Their Cause and Remedy.’’ |  /’ractice — the working principles of both ; TO FIK OUR RADIO. NOW, AND THERE'S A 
: Commercial and Military Radio equipment. He has directed the ° 
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More Now Make $30, $40, $50 tor Television, a promising field of future 


A Week Than Ever Before Opportunity 
The Radio repair business is booming now Sesinners Quickly Learn to Earn 
cause manutacture of new Radio sets has $S to $10 a Week Extra in 
been discontinued and the 57,400,000 home Spare Time 
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Transmitter Registration 


HIS is a final warning to you Hams 

who have not as yet registered 
your transmitters. The recent order 
requiring registration has -been ex- 
tended until August 25. Each and 
every transmitter must be registered 
separately. The necessary blanks may 
be obtained from the Radio Inspector 
in your district. Serious consequences 
will result by failure to observe this 
ruling. 

Better act at once! If your rig is in 
other hands—see that it is registered 
at once! 


Signal Corps Equipment 


NCE again there comes the urgent 

cry for test equipment to be used 
in various Signal Corps’ Schools 
throughout the country. Practically 
any type, of standard make with in- 
struction sheets is needed. If you 
have any surplus meters, oscillators, 
oscilloscopes, or the like and can pos- 
sibly do without them, by all means 
contact the Signal Office nearest you. 
They will pay reasonable prices and 
the equipment will be placed where it 
will do the most good. 


Special Issue Coming 


Wwe are already hard at work on 
the preparation of the largest is- 
sue ever produced in the long history 
of Rapio NEws since its inception way 
back in 1919. The entire contents are 
being written by top ranking officers of 
the Signal Corps and will reveal in 
complete form the entire histcry and 
activities of this famous organization 
from the very first unit up to and in- 
cluding the many branches now com- 
ing under its supervision. There will 
be approximately 200 pages packed 
full of color photos and vital informa- 
tion of interest to all radio men. 

This will be our November Issue and 
we are giving you this information 
well in advance so that no reader will 
miss receiving his copy. Don’t miss it 

. it’s a scoop! 
(Continued on page 52) 
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MEET THE MIGHTY RAF THROUGH THE BRILLIANT 
SPECIAL ROYAL AIR FORCE ISSUE OF FLYING 


Bringing you the stirring story of England's 
gallant air-warriors, the terror of Axis powers, 
) told by men actually directing the war opera- 
) tions. Of particular interest to radiomen is 
the article SIGNALS AND RADIO by Air 
Vice-Marshal C. W. Nutting, C.B.E., D.S.C., 
4 Director-General and Inspector of Signals. In 
: this exclusive article, amazing details are re- 
vealed about how signals are sent quickly, 
| surely and with the utmost secrecy all over 
} the world . . . how radiolocation measures 
reflected radio energy to determine the where- 
abouts of the reflecting object—so that no 
attacking agency can be invisible . . . how 
safety and strength have resulted from intel- 
ligent use of signals in the RAF. 


| FINEST AVIATION PHOTOGRAPHY | 
| IN FULL COLOR AND GRAVUIRE @=—=—= > 


Also included in the special September Issue 
of FLYING are: Articles by Commanders in 
; Chief of Bomber, Fighter, Coastal and other 
) commands; disclosures available from no 
other source about specialized aspects of air 
! defense and offense; summaries of activities 
) of such supports for the RAF as the WAAF, 
the Balloon Barrage, Photography, Produc- 
tion, Personnel and other vital war agencies; 
and hundreds of official photographs, includ- 
ing special gravure and full color sections. 
You'll cherish your volume of the Special 
Royal Air Force Issue for years! Get your 
. copy today! 
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NERGENCY AMBULANCE 


TWHONYEALT EDISON POST 118 
DEFENSE CORPS 


First aid squad stages practice session. 


This truck has two-way F-M radio. 


EMERGENCY FM-AM SYST 


by LEWIS WINNER 


The art of F-M transmission has resulted in the adoption of 


new systems designed primarily for war-time emergency use. 


TH the development of fool- 
proof compact portable and 
mobile equipment for a.m. and 


{.m. the realization by many civic and 
commercial circles that such apparatus 
had many vital properties particularly 
for emergency control, came a new 
era, a new role for radio. It was a 
role that received recognition from the 
FCC. And with this recognition came 
new and important allocations of fre- 
quency channels in the u.h.f. band that 
spurred design and manufacture, until 
today, such equipment is in the iron- 
clad essential class. Today, lighting 
companies, ambulances, surface sys- 
tems, highways, pipelines, underground 
transits, boats, forest services, general 
repair systems and other allied depart- 
ments in addition to the various 
branches of the Government are 
among those who insist on two-way 
radio systems for the regular dispatch 
of daily activities and emergencies. 
The importance of these services has 


also been effectively emphasized by a 
survey recently conducted by the Sig- 
nal Corps. They found that in the 
past four years, an amazing series of 
systems has been installed, systems 
that have proven invaluable in the 
work of the ordinary day and will 
thus be probably more valuable in the 
days of war. For such systems will 
provide contact during emergencies in 
areas where ordinarily such coverage 
would be impossible. Now, a new and 
unusual emergency network will be 
available, should such demands be 
made. 

In these systems, two forms of re- 
ceiving and transmission are used, de- 
pendent upon the mobility desired, the 
terrain to be covered and coverage re- 
quired. Although f.m. has been a main- 
stay of design in most of the systems, 
a.m. is still a factor, because of the 
very peculiarities of its makeup. In 
a.m., exceptional compactness is pos- 
sible, compactness that, for instance, 


allows for production of portable 
packs. Since f.m. requires many more 
tubes and thus larger units, it has been 
restricted to mobile installations, but 
the restriction hasn’t been too confin- 
ing, since most of the systems use 
nobile units. 

In f.m., we have, of course, many 
outstanding charactcristics. For in- 
stance, the effect of natural static is 
negligible in those bands that are 
most suited for transmission. Even 
lightning storms do not seriously in- 
terfere with reception or transmission. 
This is of particular value to electric 
light companies, where emergency con- 
ditions are created by lightning and 
other forms of storms accompanied by 
lightning. In addition, mountainous 
areas do not necessarily prevent en- 
tirely satisfactory two-way coverages 
up to twenty miles or more. And mant- 
made static, very troublesome on the 
ordinary systems, can be completely 
controlled with f.m. 
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Testing a 250 watt F-M transmitter. 


Ultra-high frequency receiver picks up 118 mec. automatic relay signals. 


. 


Zone supervisor using two-way F-M radio communications unit in car. 


F-M remote pick-up installation 1,000 ft. 
above sea level provides State-wide range. 
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Central control equipment of the New York City Transit System in operation. 


It is also a well known fact that f.m. 
offers superior sensitivity. But to 
capitalize on this feature, it is neces- 
sary to resort to special types of in- 
stallations. It is necessary, for in- 
stance, to select reception points of 
low noise level for most consistent 
performance. This is usually ac- 
complished by installing a receiver at 
a distance from the main receiving 
point, a point that is well illustrated 
by the system jnstalled by Basil Cut- 
ting in the New Hampshire State 
Police. In this link, the low-noise 
level remote pickup point is at the 
top of a 1000 foot mountain. The re- 
ceiver is mounted in a waterproof box 
attached to a telephone pole and the 
antenna is mounted at the top of the 
pole. The output from this receiver 
is carried over telephone wires to 
police headquarters, which is six miles 
from the pickup point. A second low- 
noise pickup point is provided by an 
automatic u.h.f. relay unit installed 
atop Mt. Kearsage. All transmission 
from the mobile units is received by a 
receiver which includes a relay and a 
squelch system. The received signal 
automatically turns on a 118 mc. trans- 
mitter, and the output of the receiver 
modulates the transmitter, so that the 
message is relayed to headquarters 
twenty-two miles away from the trans- 
mitter. 

With these two pickup points, it is 
possible to attain complete coverage 
of New Hampshire. 

The squelch system, mentioned in 
the preceding paragraphs, is one of 
the most important characteristics of 
f.m. car-to-car operation. The sensi- 
tivity of such a system is especially 
important, for in this system, the volt- 
age is generated by the noise selected 
by a high pass filter above the 
modulating frequencies used in the 
system. This positive voltage in the 


direction of the squelch closes the 
squelch and therefore the squelch will 
tend to open when a carrier is intro- 
duced at the input of the receiver, so 
that the noise output of the receiver is 
reduced. To further increase the sen- 
sitivity of the squelch system, the rec- 
tifier noise voltage is connected in 
series with a potential supplied by a 
resistor in the grid circuit of the lim- 
iter. A carrier at the input of the 
receiver will increase this voltage sup- 
plied by the limiter resistor, and will 
tend to open the squelch. Accordingly 
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Raidio-equipped F-M mobile unit. 


the introduction of a carrier to the in- 
put of the receiver will result in the 
changing of the two voltages, one of 
which is reduced to open the squelch, 
and the other which is increased to 
open the squelch. The sum of the two 
voltages will be the voltage acting to 
open the squelch. 

The use of noise for squelch opera- 
tion provides an automatic compen- 
sating system for external noise. 
Where the noise level is low, a very 
weak signal will surpass the inherent 
noise in the receiver sufficiently to 
operate the squelch system. At a 
higher level noise reception point, a 
stronger carrier is necessary to op- 
erate the squelch system. 


A very effective f.m. installation 
that takes full advantage of f.m. prop. 
erties exists in Indianapolis, where 
the Indianapolis Power and Light 
Company has such a system in Opera. 
tion. An area of approximately 499 
square miles is covered, with the most 
distant customer being within twenty 
miles of operating headquarters, 

A 250 watt main station transmitter 
and ten 25 watt mobile units are useq 
fhe transmitting tower is a two-hyp. 
dred foot, four-side pre-fabricated 
steel affair, erected atop a three story 
administration building, approximate. 
ly two miles from the building where 
all operating and engineering fagijj. 
ties are located. Rising above the 
tower, which is 275 feet up, is a two. 
inch galvanized pipe and associated 
shield arms constituting a shunt-feq 
antenna’ system. This system igs 
grounded to the tower and affords ex. 
cellent lightning protection. 

Eight of the ten original mobile 
units were installed in light trucks de. 
signed for trouble and maintenance 
duty. The remaining two units were 
added to line trucks. In locating the 
equipment, many problems had to be 
considered. For it was necessary to 
have the equipment readily accessible 
for inspection and testing and yet pro- 
tected from mechanical damage. In 
addition, it was also important to keep 
the antenna cable as short as possible 
without sacrificing antenna height. 

The line truck, with its seven-man 
cab, has side compartment space for 
the equipment, with the receiver being 
mounted on a shelf directly above the 
transmitter. The control cables are 
run through compartments to the con- 
trol position, which are conveniently 
located in a recessed area on the 
driver’s side and at the end of the rear 
cab seat. 

As mentioned, the antenna height is 
quite an important factor, for it has a 
direct bearing on the distance over 
which reliable communication is pos- 
sible. In some of the installations, an 
unusual height of thirteen feet from 
ground to top of antenna was achieved. 
Although this was responsible for some 
difficulties in touring, they were solved. 
The high antenna provided a distinct 
advantage in that the shielding effect 
ordinarily experienced from the caf 
mass was much less pronounced. 

The system, in the first two months 
of its operation, covered 181 calls; cov- 
ering wires down, transformer fail- 
ures, poles down, fires, street light 
trouble, and other emergencies. In 
all but a few instances, the signals 
came through with regularity. All re- 
ceivers are operated with the squelch 
adjustment set to give almost maxi- 
mum control or conversely minimum 
receiver sensitivity within the range 
of this control because of high existing 
noise levels. It was found that suf- 
ficient signal strength from the sta 
tion was available anywhere on the 
system to permit opening of the 
squelch adjustment in the cars. 
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Turnstile antenna mounted on steel tower. 


During tests, it was found that 
loss in signal strength, as a result of 
shielding, was more pronounced where 
the shielding effect was provided either 
by the car or the earth. Shielding 
from overhead objects, such as trol- 
levs, transmission lines, and buildings 
was no problem. For instance, it was 
possible to take a mobile unit into 
long underpasses, beneath railroads, 
and still talk with the station as 
readily as when the car was in the 
clear—certainly an important advan- 
tage in the maintenance of contact, 
especially in an emergency. Other 
tests have shown that the main trans- 
mitter can be heard fifty-two miles 
away. 

According to company officials, this 
installation has made possible the as- 
signment of certain employees to rou- 
tine and maintenance work, with the 
assurance that they will be available 
for emergencies as they arise. For- 
merly it was necessary to have these 
employees stand-by during the greater 
part of their time at strategic loca- 
tions over the system. Under the old 
system sufficient employees were on 
duty to always leave on reserve at 
least one man for extreme emergen- 
cies. Now it is possib'e to operate 
with only two to four second-class men 
cn duty for minor duty and first class 
men on regular assignments subject 
to call by radio. 

In Pennsylvania, a radio system for 
forest fire, flood control and highways, 
contact with both a.m. and f.m. is in 
operation, the exact form of trans- 
mission being predicated on the ser- 
vices required. 

In the forest fire and flood control, 
a.m. is used for most of the system, 
While f.m. is used almost exclusively 
in the highways project. 

Six automatic, unattended a.m. re- 
lay stations located at strategic points 
on mountain tops solve the line of 
Sight difficulties encountered with 
u.h.f. equipment in the fire and flood 
control system. And in addition, noise- 
free areas of reception are also pro- 

. (Continued on page 57) 
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The remote-control unit shown with monitor speaker takes little space. 
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25-watt F-M radio on desk of dispatcher for Cleveland Railway Company. 
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Command cars move at high-speed. Note vertical type 
antenna equipped with secondary directional wire. 
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EAVESDROPPING 
BY THE ARMY 


by ANDREW R. BOONE 


Bearings taken by field stations are reported 


back to the intercept room. 


Findings are then 


projected on map to determine enemy transmitter. 


ports an army corporal, 

pecking away on a_ type- 
writer as he listens intently through a 
pair of earphones. “Contact the di- 
rection finder stations,” orders the 
second lieutenant in command of the 
radio intelligence detachment, operat- 
ing not far from a command post. 
“Have all stations take bearings on 
3900 kilocycles.” 

At a nearby telephone switchboard, 
another enlisted man plugs neatly into 
four circuits, repeats the command. 
Within seconds, cperators at the di- 
rection finders, highly secret portable 
radios fitted with rotating antennae, 
begin swinging their loops toward the 


CoD oons up Nigori, sir,” re- 


signals. Setting their antennae toward 
the strongest signals, they report back 
to the intercept headquarters: ‘142 
Gearecs ...« 30... aae.«» sta” 

At intercept headquarters, an en- 
listed man plots the lines according to 
the radioed reports. Deftly he moves 
black threads along lines from the 
known positions of the direction find- 
ers) They cross each other near the 
edge of a low hill, alongside a dirt road 
a few miles back of the enemy front. 
Where the lines intersect . . . there is 
the enemy. 

From the intercept room, this in- 
formation is quickly passed on to 
higher headquarters. Shortly artillery- 
men or bomber pilots are consulting 


direction-finders in 


Orders are sent over this portable switchboard to 


the field to locate enemy. 


maps, and if the listeners have been 
good listeners and have done their 
jobs well, high explosives are raining 
down on that hidden spot where the 
biack threads cross. 

Adding to the difficulties faced by 
enlisted men intercepting enemy mes- 
sages is the fact they must learn sev- 
eral foreign codes. One of these is 
the Japanese Nigori, a branch of the 
Kana code. They first must learn to 
put dots and dashes together to form 
English letters, then automatically in- 
terpret Japanese dots and dashes, 
which may mean something entirely 
different. “Just like a truck driver 
getting into a non-standare gear shift 
truck,” remarked one of the army's 
best eavesdroppers to the other. These 
examples from U. S. and Nigori will 
give you an idea of how rapidly an 
operator must shift his mental pro- 
cesses: 


Signal USS. Nigori 
io F BE 
, E JI 
one @ L GA 
on N DA 
sins Z BU 


The eavesdroppers, working in bat- 
teries of two or more, hidden in 4 
building or under camouflage, some- 
where near the front, are virtually 
seeking a needle in a haystack when 
searching out enemy messages. Theifs 
is a round-the-clock job, for they 
never know when the enemy will be 
sending, on what frequency, how long 
he may be on the air, what his call 
signs will be, or what code he may use. 

Excepting when they communicate 
with each other, the radio intelligence 

(Continued on page 51) 
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Message is recorded on wax cylinder when the Non-commissioned officer in command car talks 
traffic is too heavy or sent at excessive speed. with intercept headquarters. Note key on his leg. 


a 


Army private records Japanese coded Stretching antenna to nearby tree. Radio intelligence officer instructs 
message. Note the SW _ receiver. Second wire gives directional effect. men who are learning foreign codes. 


We 


Operating in hidden buildings or Plotting the intersection of bear- It’s not easy to send code when the 
tents. Recording messages on mils. ings onto map of surrounding area. car is in motion over rough terrain. 
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Modern Tone Control Circuits 
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The commercial version of the Tonalizer, designed for full tone equalizing. 


HE introduction of frequency 

y modulation broadcasting, with its 

breathtaking naturalness’ and 
perfection of tone, has done more, per- 
haps, than any other factor to make 
radio listeners demand more faithful 
reproduction of programs by radio re- 
ceivers. In addition to all-wave recep- 
tion, push-button tuning and all the 
other features which make for a good 
radio receiver, listeners are today de- 
manding of their high-quality receiv- 
ers the ability to reproduce programs 
in homes exactly like they sounded in 
the broadcasting studios. 

It is a puzzling peculiarity of radio 
that no one fixed design of receiver 
circuit will give the perfect fidelity 
demanded by the public. Many factors 
outside of the receiver cause the pro- 
gram that the listener hears to be dif- 
ferent from the original studio pro- 
gram, and the only way we can com- 
pensate for these factors is by means 
of tone controls. 

Before considering the various types 
of tone controls which are to be found 
in modern radio receivers, therefore, 
let us first consider in turn the three 
major causes of poor quality in a 
reproduced radio program—the im- 
perfection of the human ear, the im- 
perfection of the average receiver- 
loudspeaker combination available to- 
day, and the widely varying acoustical 
conditions in homes. 
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by L. J. MARKUS 


The human ear is responsive to frequencies 


that include a very complex waveform. The 


use of special circuits makes it possible 


to set the tone range for preferred taste. 


Weaknesses of the Human Ear 

If you have average human ears, 
they do a pretty good job of respond- 
ing to the various audio frequencies 
when you sit within ten feet or so of 
a brass band or walk through a boiler 
factory. Placing this statement in the 
form of a conventional graph, we can 
let curve A in Fig. 1 represent the re- 
sponse of the human ear at different 
frequencies in the audio range. This 
curve represents a variation in appar- 
ent loudness as heard by an average 
rerson when a sound having a definite 
intensity level (about 80 db as indi- 
cated by a meter) is varied in fre- 
quency over the audio range. The flat- 
ness of the curve indicates that the 
ear is hearing all the frequencies 
about equally well at this loudness 
level. Unfortunately, a level like this 
is too loud for the average home. 


Curve B represents a loudness level 
more nearly corresponding to that 
which we find in the home when the 
radio set is turned on. The curve 
shows the intensity level needed at 
each audio frequency to make the 
sounds at all frequencies seem to have 
the same low loudness to the eal. 
Note that at low audio frequencies, 
around 100 cycles, the sound level as 
indicated by a meter must be much 
higher than at 1000 cycles in order to 
make the ear hear these two frequet- 
cies with the same loudness. 

Actually, at this low loudness level 
the ear is most sensitive to frequencies 
around 4000 cycles, and has increas 
ingly more difficulty in hearing fre 
quencies deviating in either direction 
from this value. 

When we speak of the intensity 
level of a sound, we mean the actual 
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level measured by a sound level meter 
which is connected to a microphone 
designed to pick up all sound frequen- 
cies equally well. Loudness level, on 
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FREQ. OF SOUND IN CYCLES PER SEC. 
Fig. 1. 


the other hand, is the human response 
tc sound, and cannot be measured with 
instruments. 
Receiver-Loudspeaker 
Limitations 

Although it is possible to build re- 
ceiver circuits which amplify all audio 
frequencies just about equally well, we 
do not ordinarily encounter this con- 
dition in manufactured receivers. 
Furthermore, loudspeakers which re- 
produce all frequencies uniformly well 
are quite rare. Radio design engi- 
neers can correct these deficiencies 
within practical limits when permitted 
to do so, but such correction is not 
ordinarily possible economically in the 
lower-priced receivers on the market 
today. This is the reason why such 
great differences in tone quality are 
to be found in receivers in use or on 
display in radio stores. 

Acoustics of Homes 

The studios in which most radio pro- 
grams originate are built to rigid 
acoustical specifications, with rugs on 
floors, drapes or other sound-absorbing 
materials on walls, and ceilings made 
from material which will reflect only 
a limited amount of sound waves. 
Modern studios even have provisions 
for varying the acoustics by changing 
drapes or moving wall panels, to get 
particular reverberation effects for 
certain programs. Assuming it were 
possible to have an absolutely perfect 
radio broadcasting system from micro- 
phone through the loudspeaker, and 
assuming the program in the home 
was at exactly the same loudness level 
as that at the studio, a trained ear 
would notice distortion if the home 
acoustics differed from that of the 
studio. 

The importance of room acoustics 
can readily be demonstrated by any- 
one. Operate a radio receiver for a 
while in a bare room—hard walls and 
ceiling, no rugs on the floor, no furni- 
ture, no curtains, and only one person 
in the room—then try out this same 
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An elaborate setup for complete equalizing networks. Fig. 11. 


receiver in a completely furnished 
room. In the bare room you hear a 
great deal of reflected sounds along 
with the direct sound from the loud- 
speaker, whereas the soft sound-ab- 
sorbing materials in a furnished room 
absorb sound waves and prevent most 
of the reflections. 
What a Tone Control Does 

One purpose of a modern tone con- 
trol is to make the reproduced radio 
program more nearly perfect in tone 
at loudness levels desired in average 
homes, despite deficiencies in the hu- 
man ear, the receiver and the room in 
which the receiver is located. Another 
equally important purpose is to make 
it possible for each set purchaser to 
adjust the tone to suit his particular 
taste. 

Thus, some people prefer a boomy 
bass tone in a radio set even though 
this may produce severe distortion of 
the original program. People who are 
annoyed by needle scratch noise in 
their radio-phonograph combinations 
will set the tone control to suppress 
this noise even though they thus cut 
out the higher recorded frequencies 
also. Circuit and static noise can 
often be suppressed in the same way 
with a tone control. 

From a more technical standpoint, 
a tone control can be highly useful in 
public address work. The tone control 
can often be adjusted to reduce acous- 
tic feed-back from loudspeakers to mi- 
crophone in public address systems, 
for feed-back usually occurs first at 
some particular frequency at which 
the response of the system is a maxi- 
mum. By setting the tone control or 
an equivalent equalizer network to 
suppress this frequency, much greater 
volume can be provided without feed- 
back and without too much distortion. 

The simplest practical method which 
can be used in modern receivers to 


control tone is a condenser connected 
across a signal circuit. An example of 
this is shown in Fig. 2, where the con- 
denser and its control switch are con- 
nected between the plate of an a.f. am- 
plifier tube and ground. The value of 
the condenser will be somewhere 
around .01 mfd. 

When the tone control knob of this 
arrangement is in position 1, the con- 
denser is out of the circuit and hence 
all audio frequencies are passed uni- 
formly. You may find this position 
labeled BRILLIANT, BRIGHT or 
TREBLE. Setting the switch at posi- 
tion 2, which might be labeled MEL- 
LOW or BASS, shunts the condenser 
across the signal path, thereby atten- 
uating the medium and high audio 
frequencies. The resulting effect is 
that of boosting the bass notes, giving 
a boomy tone which is usually pre- 
ferred by listeners when the receiver 
is being operated at the customary low 
loudness level for background music in 
a home. 

A condenser like this can be used as 
a tone control because at low audio 
frequencies its reactance is so high in 
comparison to the load that there is 
negligible by-passing of low-frequency 
signals. As the signal frequency in- 
creases, the reactance of the con- 
denser goes down, since it varies in- 
versely with frequency. Thus, more 
and more of the audio signal is by- 
passed to ground without passing 
through the load, as frequency goes 
up. Keeping some of the higher audio 
frequencies out of the load in this 
manner makes the lower frequencies 
predominate and thereby gives an ap- 
parent bass-boosting effect. 

Four-Position Tone Control 

A choice of four different tones can 
be obtained with three condensers and 
a four-position switch arranged as 
shown in Fig. 3. The response curves 
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below the circuit diagram are num- 
bered to correspond to the four switch 
positions. Note that curve 1 is the 
normal response of the receiver as ob- 
tained without any tone control con- 
denser. At low volume levels, this 
does not emphasize the bass notes 
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Fig. 3. 


enough to compensate for the lowered 
response of the ear to weak bass 
sounds. Curves 2, 3 and 4 show how 
increasingly greater shunt capacity 
values provide increasingly greater 
suppression of higher audio frequen- 
cies. To the ear, then, setting 4 would 
seem to give maximum boosting of 
bass. 

Setting the tone control at position 
4 when the volume control of the re- 
ceiver is turned up will give greater 
amplification of bass notes than is re- 
quired by the human ear, and the pro- 
gram will sound boomy. Many people 
actually prefer this effect even though 
it constitutes distortion, and will leave 
the tone control set at this position 
just about all the time. 

Strictly speaking, the placing of a 
shunt condenser in a signal circuit 
would lower the loudness level a cer- 
tain amount in a receiver which did 
not have a.v.c. The reduction is not 
great, however, and is just about com- 
pletely offset by the a.v.c. system in a 
modern receiver. 

Continuously Variable 
Tone Control 

Another common tone control ar- 
rangement is that shown in Fig. 4, 
which uses a rheostat in series with 
a condenser to provide exactly the de- 
sired amount of apparent bass boost- 
ing at any loudness level. When the 
rheostat is set at zero resistance, the 
condenser is directly across the signal 
path and high audio frequencies are 
almost completely suppressed.  In- 
creasing the amount of resistance in 
series with the condenser by advanc- 
ing the tone control rheostat increases 
the impedance of the tone control path 
to ground, and thereby reduces the 
shunting effect of the high frequencies. 
When the entire 100,000 ohms of the 
rheostat is in the circuit, the impe- 
dance is so high that practically all 
signals take the path through the 
plate load, and all frequencies get 
through equally well. 

You will often find this combination 
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condenser-rheostat tone control ar- 
rangement across the grid circuit of 
an a.f. stage. The capacity value will 
be lower (about .005 mfd.) and the 
rheostat value will be about 1 megohm, 
but the action is still the same. 

Another tone control arrangement 
used in various forms in many modern 
receivers is shown in Fig. 5. It uses 
three parts, a resistor, rheostat and 
condenser. When the rheostat is set 
at zero resistance (point 1), it shorts 
the condenser and leaves only the fixed 
resistor shunting the signal path. All 
a.f. signals are then passed uniformly. 

Moving the rheostat arm away from 
point 1 places a small resistance value 
in parallel with the condenser, giving 
this condenser a shunting effect now 
which increases with frequency. The 
combined impedance of this tone con- 
trol path to ground now increases a 
certain amount at the lower audio fre- 
auencies, with the result that more 
voltage is developed across the grid 
circuit at these frequencies and we 
have boosting of lows. 

The more the tone control arm is 
moved away from point 1 (towards 
point 2), the greater is the effect of 
the condenser on the total shunt im- 
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pedance and the more noticeable is the 
increase of lows. The net result is 
increasingly greater emphasis of low 
audio frequencies as this tone control 
rheostat is advanced. Maximum bass 
tone is obtained when the rheostat is 
entirely in the circuit (set at point 2). 

Resonant Tone Control Circuit 

In Fig. 6 is an example of a parallel 
resonant circuit used to control] the 
bass response of a receiver. The con- 
denser and the iron-core choke coil to- 
gether have a resonant frequency of 
about 50 cycles, obtained usually with 
about .1 mfd. and 100 henrys. Assum- 
ing that the bass control rheostat is 
set at zero resistance, this circuit at 
resonance acts as a high resistance, 
and this in series with fixed resistor R 
(about 10,000 ohms) gives a high plate 
load impedance for the stage at audio 
frequencies at or near 50 cycles. This 
in turn gives increased amplification 
at the frequency range around 50 
cycles. 

At frequencies above 50 cycles, the 
parallel resonant circuit acts as a re- 
actance having low ohmic value, so 
the 10,000-ohm resistor R is essentially 
the only plate load. High audio fre- 
quencies are therefore not affected by 
the tone control circuit. 

Since the insertion of resistance in 
series with a parallel resonant circuit 
lowers the resonant resistance, the 


bass control rheostat in the cir 
Fig. 6 serves to lower the reson 
sistance when less bass boosting is de 
sired. When all of the rheostat me 
sistance is in the circuit, the resonant 
resistance is quite low in Comparison 
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to the 10,000-ohm value of the fixeg 
resistor, hence there is little or no ex. 
tra amplification of bass signals. 
Automatic Bass Compensation 
A certain amount of correction for 
the low-volume shortcomings of the 
human ear can be accomplished auto. 
matically with the automatic bags 
compensation (a.b.c.) type of volume 
control arrangement, shown in Fig. 7, 
When volume is reduced by moving 
the volume control arm toward the 
grounded end, there is increased at- 
tenuation of high frequencies and re. 
sultant bass emphasis as required by 
the ear at lowered volume levels, _ 
The action is best explained by con- 
sidering the volume control from the 
standpoint of a voltage divider. The 
impedance between point P and ground 
in comparison to the total volume con- 
trol impedance determines how much 
voltage is applied to the grid of the 
next a.f. stage. The portion of the 
volume control which is shunted by C 
and R in series has an impedance 
which drops with frequency, due to the 
shunting effect of the condenser. As 
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volume is reduced by moving P toward 
ground, this high-frequency shunting 
action upsets the division of voltages 
in such a way that high frequencies 
get a different division of voltage than 
lows, in a way which gives the bass- 
boosting effect. 
The Tonalizer 

Although the tone control arrange- 
ments ordinarily found in radio receiv- 
ers give satisfactory results for the 
average radio listener under the it- 
tended conditions of use, they by no 
means give the near-perfect correction 
often required by recording engineers, 
broadcast engineers, public address 
system operators and theater sound 
system technicians. 

Perfect tone correction means indi 
vidual control over each frequency 
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the audio spectrum, So that amplifica- 
tion at each frequency could ~A 
changed whenever the loudness level 
of the reproduced program is changed. 
Of course, a perfect system like this 
is both an engineering and economic 
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impossibility at the present time, but 
a practical approach to it, which fully 
meets the requirements of all high- 
fidelity a.f. amplifier systems, has been 
developed by Mr. Paul H. Thomsen, in 
the form of a multi-channel amplifier 
known as the Tonalizer. This unit, 
shown with its inventor in Fig. 8, pro- 
vides individual control over different 
groups of frequencies in the audio 
spectrum. 

Basically, the Tonalizer consists of 
a number of selective channels in par- 
allel, each having its own amplifying 
stage and a selective input circuit 
which responds to a different limited 
band of frequencies in the audio spec- 
trum. This parallel group of chan- 
nels is preceded by a master voltage 
amplifier stage containing the master 
gain control, and followed by a suit- 
able matching network of resistors 
and condensers to permit inserting the 


~ —— 


MESPONSE 


%f “EF hf f 2° af af 
Fig. 10. 


Tonalizer in the a.f. system whose tone 
is to be corrected. The basic circuit 
arrangement is shown in Fig. 9. 

The Tonalizer has its own power 
pack of conventional design, and is 
thus a completely self-contained unit 
which can be inserted into an a.f. am- 
plifier system and plugged into a 115- 
volt a.c. outlet ready for use in a few 
minutes. 

About sixteen separate selective 
channels are ordinarily used, but this 
number can be increased or decreased 
to meet special requirements. The 
more channels there are, the closer 
the instrument comes to control of in- 
dividual frequencies and hence the 
more perfect is the control of tone. 
In each channel is a voltage-divid- 
ing network which uses two condens- 
ers and two resistors to give a re- 
sponse curve like that shown in Fig. 
10. The values of the condensers and 
resistors determine the value of the 
peak frequency f, hence these parts 
values are different for each channel. 
The channels are identical in all other 
respects. 

After passing through the input 
Voltage amplifier stage in Fig. 9, audio 
signals which make up a program di- 
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vide over the sixteen-odd channels, in 
accordance with the impedance to 
ground offered by the various chan- 
nels. Since the response curve is quite 
broad, the channels overlap consider- 
ably and any given frequency will be 
found in several adjacent channels. 

Each selective circuit contains a se- 
ries element C1-R1 and a shunt ele- 
ment C2-R2. An analysis of how the 
voltage-dividing action of this circuit 
varies with frequency will show how 
control of tone is achieved. 

As the response curve in Fig. 10 in- 
dicates, the reactances of the series 
and shunt elements vary with fre- 
quency in such a way that maximum 
voltage is developed across R2 for 
transfer to the grid of the amplifier 
tube in the channel only at one par- 
ticular frequency. The amount of this 
voltage actually getting to the grid 
depends upon the setting of potentiom- 
eter R2, and hence this potentiome- 
ter provides a control over the strength 
of the narrow band of frequencies 
passing through the channel. 

The selective action of this R-C net- 


Fig. 
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work can be explained as follows: At 
low audio frequencies we can neglect 
the reactance of C2, which leaves only 
R2 in the shunt element. In the series 
element, however, the reactance of Cl 
will be high at low frequencies and 
will make the net impedance of the 
series element high in comparison to 
the net impedance of the shunt ele- 
ment. Therefore, at low audio fre- 
quencies (lower than f in Fig. 10), 
most of the signal voltage is dropped 
across series element C1-R1, and only 
a relatively small voltage is available 
across R2 for transfer to the amplify- 
ing portion of the channel. 

At high audio frequencies (above f) 
the reactance of Cl is so low that R1 
becomes the principal factor in the 
series element. The reactance of C2 
is likewise low (much lower than the 
value of R1), so the net impedance of 
the shunt element is much lower than 
that of the series element now. Most 
of the signal voltage is now dropped 
across Rl, and again we have little 
voltage across R2 for transfer to the 

(Continued on page 49) 
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Investigating electronic tubes in laboratory of prominent manufacturer. 


CERONIG CAMERA 


HAS X-RAY EYE 


by S. R. WINTERS 


Washington, D. C. 


Using a principle similar to the X-ray machine—the Elee- 


tronic Camera writes its own records by diffraction. 


N electron diffraction camera 
oe is so self-contained and 
readily adjustable that various 
metals and similar materials may be 
X-rayed and studied under operating 
conditions, has been designed by John 
E. Ruedy of Merchantville, New Jer- 
sey. (The rights to the apparatus 
have been assigned to the Radio Cor- 
poration of America.) 

This improved electronic camera 
writes its own autographs in the form 
of photographic records of electron 
diffraction patterns—or the observer 
may determine visually what happens 
when an “electron gun” bombards a 
specimen of metal or alloy. The prin- 
cipal of operation is similar to that of 


an X-ray machine, except that the lat- 
ter penetrates deeply with its “seeing 
eye,” whereas the electronic camera 
skims along the surface of materials 
under observation. Uncannily, how- 
ever, this camera affords a minute 
study of the atomic surface structure 
of various materials. Thus, scientists 
can determine the changes in metals 
or alloys resulting from various treat- 
ments. 

The study of a photo or secondary 
electron-emission from a complex sub- 
stance, is also facilitated by a know]l- 
edge of the atomic structure of the 
photo-emissive specimen, as it is sub- 
jected to different treatment. That is 
to say, study and observation of the 


surface structure of a photo or other 
secondary electron-emitting material 
is possible, as the electron gun of this 
camera bombards the former, with a 
stream of electrons. This is accom- 
plished by a high-intensity electron 
beam focused, kodak-like, and caused 
to graze the surface of a strip of 
metal. This specimen is mounted ina 
specially-designed holder, which per 
mits adjustments of its lateral angle, 
as well as its vertical position. 

This “electronic X-ray” consists of 2 
multiple of units—-a system, as it were, 
including: Electron guns; an improved 
specimen holder which permits the 
selection and accurate positioning 
within the camera of anyone of a num 
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Measuring electron concentrations. 


ber of specimens; provision of an im- 
proved arrangement for mounting the 
primary electron source at the end of 
the camera chamber; improved shut- 
ter mechanism adjacent to the fluor- 
escent screen or photographic plate of 
the camera by means of which a se- 
lected portion of the screen or plate 
may be exposed to the electron beam; 
an evacuated chamber; and metallic 
bellows for sealing this chamber 
against leakage at the various control 
points. 

As illustrated in one of the sche- 
matic diagrams, the camera includes 
an electron gun (mounted on one end 
of an evacuated cylindrical chamber, 
the other end of which is sealed by a 
glass plate). The inner surface of this 
plate is coated with a fluorescent sub- 
stance. Within the chamber, an aper- 
tured diaphragm is located between 
the electron gun and the specimen of 
metal under observation. A shutter 
is mounted across the chamber close to 
the fluorescent screen and the glass 
plate, as a means of shielding the 
screen or plate against electrons from 
the gun during preliminary adjust- 
ments of the apparatus. A film cham- 
ber includes a photographic plate and 
holder, which may be moved across 
the path of the electrons when de- 

(Continued on page 44) 


Engineer examines carefully, delicate electron tube. 


CODE REFERENCE 
Electron Gun 
Cylindrical chamber 
Glass plate coated with fluorescent material 
Apertured diaphragm 
Specimen to be studicd 
Shutter 
Film chamber 
Film holder 
Photographic plate 


-43-69-89-96 Flexible metallic bellows 


Second electron gun 


= Cathode wire 
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Grid chamber 


= Plate cover 
- Anode chamber 
= Second anode chamber 


Glass press 
Glass tube 
Deflecting electrodes 
Socket bearing 
Large shutter 

Small shutter 
Lever 
Small window 


= Mirror 
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Theory and Practice of 
DISC RECORDING 


High-quality magnetic pickup for transcriptions. 


The magnetic pickup has been developed to a degree of high 
perfection during the past months. It is largely responsible 


for the quality reproduction now possible from the studios. 


4 he manufacturers of recording 
equipment have spent thousands 
of dollars in making improve- 
ments on their products, particularly 
prior to the present emergency. For 
example there has been a concen- 
trated effort to improve the fidelity 
and over-all response of the phono 
pickup or reproducer. Inasmuch as 
upon this unit depends a major share 
of responsibility for true reproduction 
of phono records, we will attempt to 
analyze and compare several types ‘in 
order that the reader might be better 
acquainted with the _ revolutionary 
changes in design and structure that 
have gone into these highly important 
parts. 

In contrast to the heavy “brute 
force” type of unit which was in com- 
mon use up until a few years ago, we 
now find that the trend has been to- 
wards a reduction of weight and mass 
in the design of the modern repro- 
ducer. There was considerable error 
in the belief that a pickup for repro- 
ducing lateral records of necessity had 
to be a massive device and that such 
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a unit required considerable reenforce- 
ment of its structure as a means for 
protection. Contrary to this belief was 
the realization that the vertical type 
Fig. 1. 


MAGNET 


RUBBER 


SET SCREW DAMPER 


of pickup was, of necessity, rather del- 
icate and fragile and due consideration 
was not given to the lateral or com 
monly employed type with the result 
that this unit did not receive its share 
of attention until recently. 

The early type of magnetic pickup 
was designed as :'lustrated in Fig. 1 
The assembly consisted of a horse 
shoe magnet, pole pieces, the coil and 
a vibrating armature assembled in the 
manner shown. In order to assemble 
the armature properly, rubber damp 
ers were placed in such a position that 
they provided the sole support for the 
assembly. When this type of pickup 
was used, the frequency range of Ie 
production was limited due to the it- 
herent stiffness of the armature ané 
its associated support. Furthermore, 
the use of rubber offered a distinc 
handicap, inasmuch as the life of the 
rubber was not sufficiently of long dur 
ation and in time rotted. During ths 
change of characteristic viscosity, the 
damping effect varied and it was nec 
essary to make adjustments to the a& 
sembly at regular intervals in order 
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to maintain a fairly satisfactory per- 
formance. 

Another drawback to this assembly 
was that the rubber dampers also 
served to center the armature within 
the coil. If this were allowed to move 
too far either way, “chattering” would 
result due to the striking of the arm- 
ature against either the pole pieces or 
within the side walls of the coil. 

One of the newer types of magnetic 
units is illustrated in Fig. 2. Note 
that the use of a rubber damper as a 
means for pivoting has been elimi- 
nated. The coil is inserted down into 
the pole piece assembly so that the 
field becomes more concentrated. The 
armature is driven by a light channel 
link connected to the short end of the 
stylus lever. The point of high-fre- 
quency cut-off is determined by the 
stiffness of this linkage and the effec- 
tive mass of this moving system, and 
compliance of the stock from which 
the record is pressed. The pickup il- 
lustrated uses what is known as a 
balanced, clamped reed armature as- 
sembly. The armature impedance is 
substantially reduced by employing a 
lever system and the record sees but 
little impedance beyond that of the 
permanent diamond point together 
with the extremely light weight 
mounting post. Vertical flexibility is 
provided which permits the stylus to 
rise and fall at twice the signal fre- 
quency during normal pinching while 
reproducing lateral cut records. The 
motion generates no voltage; there- 
fore, has no harmful effects. 

The illustration shown in Fig. 3 
shows the design of a highly efficient 
reproducer featuring the “relayed- 
flux” type of construction. This is 
used in conjunction with a specially- 
designed magnetic circuit and the unit 
has negligible moving mass and a rea- 
sonably high voltage output. It is 
known as Audak Microdyne. The 
maximum displacement of this mass 
is .00015”, when reproducing the high- 
est recorded amplitudes. The out- 
Standing feature of this design is that 
the combination of mass together 
with small displacements makes for 
small vibratory momentum (M = mv 
where M is the “vibratory momentum,” 
m is the vibrating mass and v is the 
velocity of this mass). It will be ob- 
served that a pickup may have a small 
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vibrating mass and still have a high 
vibratory momentum. On the other 
hand, a pickup may have a larger vi- 
brating mass and still have a lower 
vibratory momentum. This pickup has 
a low needle impedance and will track 
with the needle-point pressure as low 
as 15 grams. It is flat within plus or 
minus 1 d.b. to over 10,000 cycles. It 
has a comparatively high output of 
minus 30 d.b. (reference level being 
.006W). Note that a tiny vibrating 
reed is employed as seen in Fig. 3. This 
connects to the reproducing needle in 
such a manner that the reproducer 
may be adjusted to exert proper pres- 
sure onto the disc for fullest efficiency. 

While on the subject of discs, it 
might be well to point out that there 
is a definite limitation to the frequency 
range that can be reproduced from 
commercial discs. Much has been said 
about the frequency range of crystal 
pickups. Many claim that reproduc- 
tion up to including 10 or even 15 k.c. 
can be had with existing equipment, 
forgetting that there is a definite lim- 
itation that can be reproduced. 

If we assume a pickup being capa- 
ble of a range of 10 k.c. or over, such 
a pickup will not be able to properly 
reproduce a frequency of 10,000 cycles 
from a 10” disc except at the outside 
edge of the record, the reason being 
that the wave lengths at such a fre- 
quency become too short for the point 
of the stylus to properly engage them. 

The design of this pickup repre- 
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sents a considerable departure from 
conventional designs. Although the 
moving-mass ratio of this pickup in 
comparison to the bulky armature is 
on order of 1-80, it does not represent 
the total improvements in design that 
have been made. The inertia of the 
“exciter unit” is several hundred 
times less than that of the moving 
armature and other type units. There- 
in lies the secret of the remarkable 
performance of this design. Accord- 
ing to the inventor, the “exciter” re- 
lays the flux to the fixed armature. 
Hence, the term “relayed-flux.” The 
virtual elimination of moving-mass re- 
sults in the location of the exciter res- 
onance above audibility. This freedom 
from resonant peaks insures freedom 
from shock-excitation from the mov- 
ing system by impulses of large ampli- 
tude and this eliminates that unpleas- 
ant “ringing effect” often noticed 
when reproducing records. 

In actual tests, we have found a 
very low harmonic distortion when 
using this particular reproducer and 
the quality has been most excellent. 
There is sufficient weight from the 
pickup structure so that “groove-skat- 
ing” will be avoided. 

We covered the characteristics of 
crystal type pickups in earlier chap- 
ters in this series. Both have definite 
features and the choice of one type or 
another will depend largely upon the 
personal likes of the user. Those of 
you that are engaged in using port- 
able recording equipment “out on lo- 
cation” will find the magnetic type 
highly suited for this application, in- 
asmuch as exposure to the direct rays 
of the sun will in no way impair the 
efficiency of the unit. When using 
crystal devices, on the other hand, 
such exposure often results in a dam- 
aged unit. 

Electrical Connections 

Fig. 4 shows several methods that 
may be used to match properly the 
magnetic pickup either to existing 
amplifiers or in new equipment. Fig. 
4A is recommended for connecting 
high-impedance units to regular am- 
plifier input channels that are pro- 
vided with the conventional potenti- 
ometer across the input terminals. It 
is common practice for these to have a 
value of approximately 4% megohm. 

Many prefer to have a_ bass-boost 

(Continued on page 50) 
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TECHNICAL BOOK 


& BULLETIN REVIEW 


“FUNDAMENTALS OF RADIO,” 
by Edward C. Jordan, Paul H. Nelson, 
William Carl Osterbrock, Fred H. 
Pumphrey and Lynne C. Smeby; ed- 
ited by William L. Everitt. Published 
by Prentice-Hall Inc., 70 5th Ave., 
New York City. Price $5.00. 400 pp. 

Circumstances brought about by the 
present emergency have shown a def- 
inite need for a concise treatise on 
fundamentals of radio that could be 
mastered by the average student in 
the shortest possible time. This is one 


tive books in the field of basic radio. 
Each of the authors is a recognized 
authority and has had extensive ex- 
perience in the radio field. It has 
been especially designed to include 
material on radio subjects required 
for all types of radio work, both civil 
and military. Three principal themes 
have been followed: 1, to satisfy men 
seeking pre-induction and pre-enlist- 
ment preparation for the military 
service; 2, for radio operators in police 
and airway radio stations, broadcast- 
ing stations and similar fields; 3, radio 
men for industry and equipment man- 
ufacturers. “Fundamentals of Radio” 
covers the course outline recom- 
mended by the National Association 
of Broadcasters for teaching the fun- 
damentals of radio to men of no pre- 
vious radio knowledge. No_ high 
mathematics are used. Instead, the 
book opens with a concise, convenient 
review of all the mathematics the 
reader must know to understand the 
treatment. All subjects are dealt with 
in clear cut simple form. The entire 
field of basic communications is cov- 
ered, from the simplest a.c. and d.c. 
circuits, through vacuum tube theory 
and applications. Also chapters on 
wire telephony and audio systems, in- 
cluding F.M. transmission. Partial 
contents include electronic principles, 
rectified power supplies, sound and its 
electrical transmission, audio ampli- 
fiers, vacuum tube instruments, elec- 
tro-magnetic waves, F.M., radio wave 
propagation and radio antennae. 

This book will fit in admirably with 
the educational part of our war effort. 
It is recommended for all students 
contemplating entrance to our various 
radio departments. 


“PRINCIPLES OF RADIO,” Fourth 
Edition, by Keith Henney. Published 
by John Wiley & Sons, Inc., New York 
City. Price $3.50. 536 pp. plus index. 

Back in 1929 the first edition of this 
popular reference text was first pub- 
lished. 


It was written originally for | 


students who have had little back- | 


ground in radio upon which to build 
and yet who wanted to know the basis 
upon which radio and communication 
existed. The problem of the student 
who must do his learning without ben- 
(Continued on page 60) 
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E’VE been noting the AFL- 
CIO brotherly love act re- 
cently publicized by the press 


c | and our thoughts naturally turning to 
of the most complete and authorita- | 


“what does this mean for ACA-ROU 
coalition.” It was only a few years 
ago that the ROU had the rank and 
file of ACA in for a chat just on this 
get-together idea with fine results un- 
til the ACA brethren went back and 
reported the confab to their officials 
who sabotaged the whole matter. 
Why this happened is not of interest 
right now. But with everything and 
everyone going all-out for American 
unity, with unions forgetting their 
longstanding feuds, inter-union rival- 
ries, ete., what the good brothers of 
ACA and ROU will do causes us con- 
cern. If the leadership of these two 
great labor unions can bury the 
hatchet, forget their differences for 
the duration, couldn’t the ACA-ROU 
brothers do the same? Of course, 
we’re with the ROU in defending their 
rights as Radio Officers to remain as 
Officers and not to be thrown in with 
seamen or any other departments 
aboard ship which has been advocated 
by certain ACA officials. So if the 
ACA organization will finally and defi- 
nitely throw this thought into the sea 
plus a few other ideas that have 
stemmed from sources not considered 
to be 100% American, we firmly hope 
that this coalition comes to pass . 

if only for the duration. 


F course, we haven't the right nor 
even a desire to tell Uncle Sammy 
how to spend his money, but we do be- 
lieve we have the right to tell what is 
going on in the RADAR setup that is 
throwing good radiops 


JERRY COLBY 


mathematics into five weeks to men 
who have been out of school for 
more than ten years and who have 
a touch and go acquaintance with 
algebra, no less calculus. One of 
the boys recently returned to Civilian 
status via the Special Order Discharge 
route. He was bitter over the faet 
that although he was a good practical 
radioman, a radiop of the old school, 
ne was let out because his math was 
faulty. He sez mathematics is abso. 
lutely the sine qua non or something. 
Anyhow, if you ain’t up in your math, 
and we don’t mean one and one makes 
six, but right up into calculus, yoy 
might as well not stick your nose into 
this affair. Of course, this is OK for 
the young uns who have had primary 
college background, but how many 
good radiops, and we mean good ones 
who can handle a key at 40 WPM, 
tune a receiver and xmtr, trace a cir- 
cuit from antenna to ground, rewind 
coils without blueprints, know their 
rules and regs, etc., have had this 
college foundation? Very few, if any. 
Yet elderly boys with families and re- 
sponsibilities willing to help US lick 
the dictators with their radiop ability 
have gone to these schools and been 
shoved out because they did not know 
the sine and cosine.of tangents or the 
method of figuring why and how many 
ergs in a wire of such and such a size. 
Practical experience counted for noth- 
ing, theory being paramount. There 
are different schools of thought on this 
idea but our suggestion is for the brass 
hats to classify each student and place 
him where his practical knowledge is 
an advantage over a theoretical back- 
(Continued on page 46) 


and radio technicians to 
the outside of this war ef- 
fort. If any of youse guys 
don’t know about RADAR 
may we inform you that 
this is one of the govern- 
ment sponsored educa- 
tional setups which is 
helping radiomen become 
Electrical Engineers. 
Uncle Sam is putting out 
the dough to give this 
education of college-class 
to his nephews. Some of 
the boys are being sent to 
top-flight schools all over 
the country. But here’s 


our beef: Why try to 
cram three years college 


“Hey ’ 


girls! We gotta radio in ours!” 
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WHAT'S NEW IN RADIO 


New R.C.P. Vacuum Tube 
Volimeter 

Accurate measurements throughout 
the entire audio frequency range, in- 
cluding the ultra-high audio frequen- 
cies, are simplified by RCP’s new 
Model No. 666, a vacuum tube volt- 
meter specifically designed by Radio 
City Products Co. for that purpose. 

Essentially a peak type of volt- 
meter, Model 666 has a constant in- 
put impedance resistance of 16 meg- 


Although designed for 105-130 
volt, 60 cycle operation, provision has 
been made for external battery oper- 


ohms. 


ation through appropriate terminal 
connections and a throw-over supply 
switch. 

Readings are made quickly and 
easily on this latest RCP model, a 
time-saving feature that insures im- 
mediate popular acceptance. The in- 
strument is equipped with a 41-inch 
rectangular meter having a move- 
ment of 0-200 microamperes. 

Ranges are 0-3-6-30-150 volts. Tubes 
used are type 6K6GT, 6X5GT, 6H6 
and VR105-30. The latter is a voltage 
regulator, eliminating errors due to 
line voltage fluctuations. 

The RCP Vacuum Tube Voltmeter 
combines attractive appearance with 
characteristic RCP stamina and fea- 
tures of convenience. Model 666 
comes in a handsome grey finish steel 
case with sturdy ieather strap handle. 
Manufactured by the Radio City Prod- 
ucts Co., 127 W. 26th St., N. Y., N. Y. 


New Bulletin on G-E Control 
Switches 
_ A new four-page bulletin illustrat- 
ing and describing improved G. E. cir- 
cuit control switches for industrial 
applications, has been announced by 
the accessory equipment section of 
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General Electric Company’s appliance 
and merchandise department at 
Bridgeport, Conn. Switches shown in 
the bulletin are for use in signalling 
equipment, communication apparatus, 
instrument panel boards, utility light- 
ing systems, specialized lighting equip- 
ment, aircraft circuit control systems, 
etc. 

The bulletin shows 26 toggle and 
push button switches. Toggle switches 
include single pole, double pole, three 
way (single pole-double throw), dou- 
ble pdle-double throw, two-line-two- 
circuit, and three point. Many of the 
switches are made to Navy specifica- 
tions. 

Wiring diagrams of all switches, and 
specifications of assembly parts are 
given. Copies of the bulletin are 
available on request from the General 
Electric Co., 570 Lexington Ave., New 
York, N. Y. 

New Portable A-C€ and D-C 
Instruments 

New P-14 portable a.c. and d.c. in- 
struments for general field service use 
where an inexpensive unit is required, 
are announced by the Westinghouse 
Electric and Manufacturing Conipaiu. 

Modern design, accuracy, sturdiness 
and reliability are the outstanding fea- 
tures of these new units. The molded 
cases are fully insulated and mag- 
netically shielded from stray field in- 
fluence. These instruments are avail- 
able either with or without covers. 
The scale length is 3.2 inches a.c. and 


2.8 inches d.c. and the units have an 
accuracy of + or 1 per cent of full 
scale. The instruments are equipped 
with a mirrored dial and a knife-edge 
pointer which aids in making close 
and accurate readings. 

The P-14 embodies a variety of sin- 


gle, and multi-ranges providing for 
the measurement of a.c. volts, am- 


peres and milliamperes: d.c. volts, 
amperes, milliamperes, and micro- 
amperes. Ranges and combinations 


of ranges have been carefully chosen 
to meet every need of test men, lab- 
oratory technicians and research en- 


gineers. Combinations such as four 
current and three voltage ranges 
make this the most complete and 


flexible instrument available in this 
classification. 

Additional information may be se- 
cured from Westinghouse Electric and 
Manufacturing Company, T-N 20, East 
Pittsburgh, Pennsylvania. 


Tandem Timer 


The “Tandem Timer” is a new tim- 
ing device that presents unusually ver- 
sutile features which will be of par- 
ticular value in production depart- 
ments, laboratories, and for life test- 
ing of electrical apparatus. It per- 
mits practically any timing sequence 


that may be desired. The “Tandem 
Timer” is essentially a control unit 
with two individual and variable plug- 
in type timing elements. With the 
timing elements adjusted to their cor- 
rect respective time intervals, each 
cycle of operation will follow the other 
continuously in regular sequence. 
When the timer dials are once set at 
the time interval desired, further ad- 
justments are unnecessary until a new 
sequence is required. The automatic 
reset features of the “‘Tandem Timer” 
makes a continuous, as well as a sin- 
gle cvcle of operation possible. Plug- 
ging in of different timing elements is 
accomplished in a matter of seconds. 
The timing elements are synchro- 
nous motor driven, automatic resetting 
timers, of sturdy design and construc- 
tion, contained in a formed steel box 
which measures 5” x 5” x 3”. A grad- 
uated dial and pointer knob allows 
quick and accurate selection of timing 
period. The simplicity of this entire 
unit is one of its outstanding features. 
Manufactured by the Industrial 
Timer Corp., 113 Edison Place, New- 
ark, New Jersey. 
—3- 
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SOUND SYSTEMS 
FOR WAR PLANTS 


by SIDNEY HARMON 


The David Bogen Co. 


The design of a sound system for our new war production plants 


requires a careful analysis and many special radio circuits. 


pp hh CR ee gh tee ag RR 


3 


ey aes eae 


+o 


HE phenomenal conversion of 

e American industry to war pro- 

duction has amazed the most op- 
timistic of our friends and confounded 
the most careful of our enemies. Am- 
bitious schedules of production have 
been proved picayune—American 
plants have rolled up their sleeves and 
planes, tanks, munitions—all instru- 
ments of war are moving off produc- 
tion lines at a rate never before be- 
lieved possible. 

In .every corner of the nation old 
plants are stepping up efficiency and 
expanding. New plants are under 
construction and additional plants are 
daily taking shape on the tables of 
architects. 

Centralized Sound Equipment has 
become a basic tool of war production 
and almost without exception, old 
plants are installing such equipment 
and new plants are being designed to 
include it. 

This article concerns itself with a 
system designed by a prominent manu- 
facturer for one of the new and largest 
munitions plants in the country. Be 
cause of the wide experience of their 
engineers in the surveying of plants 
and the design of centralized sound 
equipment, a thoroughly accurate sys- 
tem was planned in terms of the archi- 
tectural drawings of the _ plant 
months before the foundation was laid. 

Discussions were held with the ar- 
chitects and the plant management in 
order to determine what functions 
were desired and in what manner they 
should operate. It was decided that 
general paging and announcements 
should be issued from a local micro- 
phone control at the switchboard. 
Alarm announcements, night shift 
paging; air raid and all clear alarms 
were established as functions of the 
guardhouse. 

Plant engineers readily agreed that 
air raid alarms were the most impor- 
tant signals to be transmitted and 
that precedence should be given to 
them over all speech announcements. 


Left: The amplifier and boosters 
are protected by steel cabinets. 


The “All Clear” quite obviously would 
have to interrupt the actual air raid 
alarm. Since the operation of the 
guardhouse controls is _ essentially 
emergency in character, those controls 
were to be given precedence over the 
controls at the telephone operator's 
station. It was determined that some 
calls and announcements would be re. 
quired to be heard by the plant work. 
ers only, others should be heard by 
the office workers only and others 
would be heard by both. Each micro- 
phone control station was, therefore, 
to be provided with a_ three-way 
switch which would provide for the 
accomplishment of this function. 

Essentially, the procedure employed 
consisted of examining the _ various 
sections of the plant in terms of area, 
noise levels, number of workers, type 
of equipment in operation and mate- 
rials used in construction. These fac- 
tors were, of course, predetermined 
through discussion with the architects 
and as a result of experience with 
similar plants. 

Exhaustive tests had been made 
with the various industrial type speak- 
ers so that complete information was 
available concerning their efficiency 
and handling capacity. Thus, it was 
known that a particular unit, when 
driven with 7 watts of power would 
produce a level of, let us say, 93 db. on 
a center of 80 feet. Since plant noise 
levels could be accurately predeter- 
mined and since in order to be heard 
above existing plant noise level, sound 
must be 3 db. higher, it can be seen 
that “knowing what the speakers 
could do” made it possible to establish 
a speaker layout and to determine the 
total amount of power required with 
complete accuracy. 

Working in the manner outlined 
above, it was determined that 25 ra 
dial reflex trumpets, four projector 
type reflex trumpets, and ten office 
cone type speakers; a total of 39 speak- 
ers were required to completely cover 
the plant. Five hundred watts of au- 
dio power was required to drive the 
speakers and five Bogen E100 boosters 
were, therefore, used in the central 
control rack. 
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Reference to the functional sche- 
matic will show that two control sta- 
tions are provided. Station 71 is lo- 
cated at the telephone switchboard 


and station ¢2 is located at the remote 
and 5 


uardhouse. 
When the telephone operator Issues 


a call in order either to locate some- 
one in the plant or to Issue bulletins 
to the workers, selection of speakers 
is first accomplished by depressing the 
proper key which opens the relay cir- 
cuit, controlling the speaker sections 
to which the call is not to be issued. 
Thus, if it is desired to send a call to 
the factory only, eliminating the office 
speakers, the telephone operator de- 
presses the factory key. This causes 
the relay circuit controlling the office 
speakers to be opened and the factory 
speakers only receive the call. It must 
be understood, however, that no relay 
action occurs until the talk key is de- 
pressed. 

Should the guardhouse issue an 
emergency announcement or initiate 
Air Raid or All Clear signals, the tele- 
phone operator's station is eliminated 
automatically because when any sig- 
nal is initiated at the guardhouse, the 
telephone operator’s control relay cir- 
cuits are automatically opened 
through the interlocking circuit. For 
example: if an air raid alarm is ini- 
tiated, the air raid relay is closed, 
thereby interrupting the flow of cur- 
rent to the telephone operator’s relay, 
opening up her circuit and preventing 
the distribution of any call which she 
might initiate. 

The precedence of air raid alarm 
over the telephone operator’s call is 
a most important feature of this type 
of equipment and in the system which 
we are describing, precedence has been 
established in the following order: (1) 
All Clear, (2) Air Raid, (3) Main Gate 
(Guardhouse), (4) Telephone Oper- 
ator. All Clear will take precedence 
over all other calls; Air raid will in- 
terrupt Guardhouse microphone calls 
and the telephone operator’s calls, and 
the Guardhouse, which is essentially a 
protective factory unit, can take any 
call away from the telephone opera- 
tor. The chaos which would develop 
if precedence were not so designed 
and established, can well be imagined. 
Calls might conceivably be issued si- 
multaneously by both the telephone 
operator and the guardhouse, and no 
intelligibility or efficiency could be 
expected at all. 

It can readily be seen that a central 
control unit as large as the one illus- 
trated drains considerable current and 
creates considerable heat. It was 
after many months of research and 
development that the manufacturer 
finally established an exclusive method 
for controlling the power supply for 
the amplifiers in the control rack 
(standby position). 

. Early methods consisted of control- 
ling the a.c. input to the various am- 
plifiers through a master relay. This 
caused a time-delay in operation while 
waiting for the filaments to heat up, 


September. 1912 


Relays, main amplifier and several booster units may be seen in this view. 


and as a result, efficiency of operation 
was compromised. Today’s method 
controls the plate supply in each am- 
plifier by use of an individual relay. 
The filaments are maintained perma- 
nently at operating temperature and 
when the key is depressed, plate sup- 
ply is provided and the system is ready 
for immediate operation. The current 
drain is, of course, very greatly re- 
duced in this manner. 

Further reference to the functional 
schematic will show that the standby 
position (the various booster plate 


supply relays marked XX) is con- 
trolled by the Air Raid Relay which is 
also on when the All Clear Signal is 
sounded. When the All Clear is 
sounded, an additional relay is thrown 
which eliminates the variable or war- 
bled signal of the air raid, providing 
a constant tone. 

Attention is called to the Emergency 
Generator feature of this system. 
When, for any reason, the normal a.c. 
line is interrupted, the throwover re- 
lay, automatically drops into Emer- 
gency Position, permitting the oper- 
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Dynamic microphones mounted on flexible tubing for proper placement. 


ator at 
guardhouse 


which then _ supplies 


either 


the switchboard or 
the generator 
an emergency 


source to the system. Should the nor- 
mal a.c. service be resumed, the throw- 
over relay then automatically stops 
the emergency supply and throws the 
system back to the normal a.c. source. 


This system has been designed sole- 
ly for use in a particular factory, 
and is synonymous with the many 
manufacturing centers of our indus- 
trial war effort. It is in these centers 
that many millions of our men and 
women are employing every effort to 
produce enough equipment to allow 


Layout of the extensive system. 


our armed forces and our allies {, 
continue until ultimate Victory js ob 
tained. The only possible Precaution 
that can be taken towards the preven. 
tion of an anticipated air Taid i 
through an air raid alarm System. ]t 
is not a remote idea that our industria] 
centers can be attacked from the air 
particularly in our coastal regions 
With this thought in mind, every effort 
should be made to install the Proper 
equipment, both air raid warnings and 
shelters where any number of men are 
congregated. 

Many factories have installed and 
have, in operation, elaborate Pagin 
networks, which may be utilized fo 
“air-raid” and “all clear” signals by 
means of adding the necessary equip. 
ment and a simple change in wiring 
The equipment that would be needeg 
is reasonable in cost, although ¢og 
should not be a factor. This equip. 
ment consists of an electronic oscilla. 
tor, variable in frequency over the 
equivalent siren response range, and 
a number of switches, which can bp 
connected directly into the present 
Public Address System. This equip- 
ment should be housed in a separate 
room, preferably a_ so-called guaré. 
house, and may be operated by the 
watchman or guard that is on duty at 
all times. 

May we stress the importance of 
consulting someone who is experienced 
in this particular field—one who can 
make all necessary observations of a 
particular installation, decide on the 
proper equipment necessary, and fol- 
low through the electrical circuits so 
that the unit will function properly, 
and most of all, operate when needed 
at any time, day or night. 

Let us not overlook the millions of 
people who live in congested housing 
areas, who should also be pre-warned. 
This condition is somewhat more diff- 
cult, as the area to be covered is 
spread out considerably. The solution 

(Continued on page 49) 
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Max Crowson, W7BQK, holds reflector on edge to show 
the details of the completed unit, ready for service. 


ITH the entry of the United 
Wiser: into the war and the 
subsequent curtailment of 


amateur radio activities, the Ashland 
Radio Club of Ashland, Oregon turned 
to national defense for activity. An 
airplane “detector” seemed to be the 
most urgent need at present. Air raid 
warning shelters so often offer little 
in the way of comfort, especially in 
cold weather. To enable the warden 
to detect planes without having to 
stay outside in adverse weather the 
Ashland Radio Club lent its efforts. 

We had discussed various types of 
“detectors” or “spotters” but had 
never produced very much in the way 
of results. The writer had run sound 
for a number of outdoor Shakespear- 
ean dramas recently and we recalled 
how well the nightly transport plane 
was picked up by the several mikes 
hung around the stage. However it 
was more or less out of the question 
to use microphones because of the high 
cost involved, so we gathered up 
among our junk piles a couple of per- 
manent magnet speakers which proved 
to work better than the regular mikes 
because of the larger diaphragms. 

To make a preliminary test, a four- 
way baffle that used a single 12-inch 
speaker was mounted on a_ short 


Closeup view of the pickup speaker. 
Note the matching transformer. 
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Glen Prescott shows reverse side of reflector. The 
speaker assembly mounts onto a separate framework. 


A LOW COST 
AIRPLANE DETECTOR 


by GLEN PRESCOTT 


The airplane detector illustrated and 
described in this article was built by 
the combined efforts of many craftsmen. 


tower and connected to a small am- 
plifier of about 7 watts output. An 
output transformer of the ordinary 
variety was used as a voice coil to 
Grid transformer, it being mounted on 
the amplifier to permit using a low 
impedance line. This eliminated need 
of using shielded cable. After about 
two weeks of preliminary testing, this 
setup showed us that we were on the 
right track but the pickup was “too 
good.” Noise from nearby highway 
made it difficult to distinguish air- 


planes from trucks. Ground noises 
would have to be eliminated or nearly 
so before the rig could function prop- 
erly. 

Some sort of a reflector that would 
not pick up the surface noises readily 
seemed to be the answer, especially as 
it was decided not to make it direc- 
tional. So the club purchased a sheet 
of quarter-inch plywood 4 feet by 8 
feet. The reflector or “soup tureen” 
as it was dubbed was made of sixteen 

(Continued on page 56) 


Showing relative position of pickup speaker as it 
would appear when in actual airplane detecting. 


Loop antenna is easily made. 


HE numerous advantages of a 

5 completely portable intercommu- 

nicating system prompted the de- 
velopment of this unit which utilizes 
the principal of “induction transmis- 
sion” to convey information from one 
station to another instead of using 
wires. 

Two or more of these units can be 
set up instantly within several hun- 
dred feet of each other and communi- 
cation maintained. It is independent 
of any power facilities as it contains 
its own battery power supply. It is 
well suited to military needs. 

The object of employing a wireless 
intercom system, of course, is to elim- 
inate the installation of the connect- 
ing wires between stations. In many 
cases intercom installations are con- 
tinually being dismantled and rewired 
as offices are changed, desks moved, 
new rooms added, etc. 

This disadvantage is entirely elim- 
inated by using a simple induction- 
controlled system which can be set up 
instantly at any place within the office 
or factory provided it is within range 
of the induction field. This range is 
governed by the frequency and power 
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The completed unit may be housed into a wood or metal cabinet or box. 


Induction-Controlled Intercom 


by WILBERT T. PETERSON 


This unit will fill the bill for those who 


have requested full constructional data. 


of the transmitter and the sensitivity 
of the receiver and is limited by a rul- 
ing of the FCC, which states that the 
signal strength of an induction trans- 
mitter at a distance of the wavelength 
divided by 27 must not exceed 15 mi- 
crovolts per meter. 

Since battery type tubes are used 
with a low plate voltage, the trans- 
mitter in this unit is not quite capable 
of emanating this signal strength at 
the specified distance of 900 feet for 
the frequency used (170 kce.). In tests 
made with a duplicate unit, reliable 
communication was maintained up to 
500 feet which is sufficient for a ma- 
jority of intercom purposes. 

Description of Circuit 

The basic design of this little unit 

is a simple TRF receiver and separate 


transmitter. The tube complement of 
the receiver is a IN5GT r.f. amplifier, 
IN5GT grid leak detector, and 1Q5GT 
audio amplifier. In the receive posi 
tion, the loop is connected to the grid 
circuit of the 1IN5GT r.f. amplifier, 
which amplifies the signal and feeds it 
tc the 1N5GT detector through 4 
standard 175 kc. i.f. transformer. Here 
the signal is rectified in the grid ci 
cuit and amplified and sent to the 
1Q5GT audio amplifier tube feeding 
the three-inch p.m. speaker. 

In the transmit position the speaker 
is connected as a microphone in the 
grid circuit of a IN5GT. Here the 
audio signal is fed into the control 
grid of a 1A7GT. The oscillator sec 
tion of the tube is connected to a tank 
circuit supplying the 170 kc. r.f. signal 
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which is mixed with the audio signal 
resulting in a 170 ke. modulated signal 
in the plate circuit. The loop is in se- 
ries with a .01 fixed condenser to this 
circuit when transmitting; thus 
the d.c. plate voltage 1s kept out of 
the loop circuit. The plate receives 
ite dc. through a choke coil. 

There are only two controls to oper- 
ate the device: one switch to turn the 
flaments on or off, and the other be- 
ing a spring-return switch controlling 
four circuits for either send or receive. 
In switching from receiving to send- 
ing, the loop is changed over from the 
crid of the 1N5GT r.f. amplifier tube 
to the plate circuit of the 1A7GT mixer 
tube. The speaker transformer is 
switched from the plate circuit of the 
1Q5GT to the grid circuit of the 
1N5GT audio amplifier tube, and the 
B battery voltage is switched from the 
receiver to the transmitter circuits. 
This spring return switch is wired for 
receiver operation in the normal posi- 
tion, thus allowing the receiver to be 
in continuous operation as long as the 
battery switch is on. 

All the tubes with the exception of 
the 1Q5GT are designed to operate at 
0 volts bias, eliminating the usual 
cathode bias resistors and condensers. 
The 1Q5GT receives its bias voltage 
of four volts from a 300 ohm resistor 
in series with the negative side of the 
B batteries. The entire plate and 
screen currents of the receiver pass 
through this resistor placing a voltage 
drop of about 4 volts through a 100,- 
000 ohm resistor to the grid of the 


plate 


1Q5GT. Since these tubes have no 
cathodes and one side of their fila- 


ments are grounded, fixed bias must 
be used. The only disadvantage in 
using this system is that the B voltage 
of both transmitter and receiver is 
lowered by a few volts. 

The 140 mmf variable condenser is 
in parallel with the loop in both re- 
ceiving and transmitting positions. 
This is possible as both transmitter 
and receiver are tuned to the same 
frequency. 


Construction 

The entire unit is built on a 10”x6”x 
3” chassis. The general layout can be 
seen from the photographs, the tubes 
lined up along the rear of the chassis 
with the speaker and switches in front. 
After the tube sockets and i.f. coil are 
mounted, wiring is begun with the fila- 
ments wired first, taking care that 
number 7 pin is grounded on all sock- 
ets. It is good practice to ground the 
Shield contact of all tubes except the 
1Q5GT, however, tube shields are only 
used on the r.f. and detector tubes of 
the receiver. 

Since several extra pins are avail- 
able on most of the tube sockets, they 
may be used as tie points for connect- 
ing resistors and condensers, etc. Prac- 
tically all of the resistors are mounted 
directly under the socket in this man- 
ner. 

The 3” speaker may be mounted 
next with an angle bracket to the 

(Continued on page 60) 
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Parts may be mounted wherever most convenient. 
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1140 mmfd. variable cond., Meissner 

Cw. Cy. Ci-—1 mfd. @ 200 v. cond., Mallory 
C,.—.0005 mfd. mica cond., Mallory 
—250 mmfd. mica cond., Mallory 

Cy, Cy,—-.01 mfd. @ 200 ¥v. cond., Mallory 
C,.—.003 mfd. mica cond., Mallory 
+, C.—8 mfd. @ 150 v. Elec. cond., Mallory 
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iy——250-800 mmfd. Padder, Meissner 
:—1000 mmfd. mica cond., Mallory 
—2 megohm ‘', w., Centralab 
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$,—S.P.S.T. switch, Arrow 
S.—4PDT spring return switch, Centralab 
L;—Loop antenna (see text) 
L.—10 millihenry choke (R.F.), Meissner 
L.,Ly—25 millihenry choke (R.F.), Meissner 
B,—1 or 2 dry cells 1.5 volt, Burgess 
B.—Two 45 v. “B” batteries (in series), Burgess 
T,—175 K.C. 1.F. transformer (input), Meissner 
T.—Output transformer, Thordarson 
Tubes—Three INSGT, RCA 

One 1Q5GT, RCA 

One 1A7GT, RCA 
Chassis—10"x6"x3”, Par Metal 
Vy 1lb.—228 enameled wire. 
Vy 1lb.—222 enameled wire 


Speaker—3” (P.M.), Utah 
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Knob for pitch adjustment is in panel center 
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Regeneration control on side. 


Build This TIME SIGNAL RECEIVER 


by DAVID W. JEFFRIES 


casting, the long wavelengths of 

2500 meters and beyond still hold 
their own, even in this day of high and 
ultra-high-frequency development, of- 
fering a transmission medium of un- 
paralleled reliability for this important 
service. 

Each hour on the hour, excepting at 
11:00 A.M. and 11:00 P.M., the United 
States Naval Observatory broadcasts 
time signals from its master chronom- 
eter in Washington, time checks ac- 
curate to better than one-tenth second. 
Transmitted from the Navy station, 
NSS, at Annapolis, on the 113-kilo- 
cycle channel, a wavelength of 2655 
meters, for hundreds of miles in all 
directions these signals are altogether 
free from fading and skip effects. 

In this article, the writer has two 
thoughts in mind. First, to acquaint 
u large circle of radio experimenters, 
broadcast engineers, radio amateurs, 
jewelers and watchmakers, with the 
excellence of long wave reception, par- 
ticularly over the several hundred mile 
area in which short wave time signals 
are blotted out by fading and skip- 


I: the field of time signal broad- 
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This receiver may be used for accurate time 


checks, or for broadcast relay where permitted. 


distance phenomena. Second, to de- 
scribe the several outstanding features 
of the fixed-tuned, four-tube super- 
heterodyne receiver developed at 
WCED for daily rebroadcasting of 
time signals. 

The Navy broadcasts highly cor- 
rected time signals from Washington 
on a number of frequencies, among 
them 113, 4390, 9425 and 12630 kilo- 
cycles. By Navy authority, broadcast- 
ing stations are permitted to relay 
impulses picked up on any of these 
channels, with the one restricting pro- 
vision that no mechanical relays of 
any sort may be employed in the re- 
broadcasting circuit with consequent 
introduction of time lag. By this, it 
is apparent that a locally-keyed oscil- 


lator actuated by the NSS signal, 
while producing a clean and stable 
note for rebroadcasting, would not 
assure freedom from time lag. In 
other words, a direct rebroadcast of 
the actual keyed impulses from the 
Navy station offers the one practica 
ble method of relaying without per- 
ceptible time delay. And, for direct 
rebroadcasting, the long wave chal- 
nel of 113-kilocycles offers, in many 
cases, the greatest reliability and free 
dom from transmission faults. 

To explore the potentialities of long: 
wave time signal reception, then quite 
unknown to the writer, a simple re 
generative receiver was put together 
in the well known haywire manner, 
the only “research” consisting of an 
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approximation of the proper coil and 
condenser values necessary to tune to 
the extremely low frequency. — 

It was found that even So simple a 
device as a regenerative detector and 
one-step audio brought in compara- 
tively strong signals from the An- 
napolis transmitter. However, gene “al 
instability and broadness of tuning, so 
common in regenerative receivers un- 
accompanied by radio frequency am- 
plification, made obvious the necessity 
of choosing a circuit of greater refine- 
| > superheterodyne hook-up of the 
completed receiver was chosen for two 
reasons in particular. It provides 
greater gain and stability for a given 
number of tubes and practically elimi- 
nates interference arising from the in- 
tense field set up by a broadcasting 
transmitter operating only a few feet 
away. . 

Briefly, the receiver comprises a 
type 6A8 combined oscillator-first de- 
tector, a 6K7 intermediate amplifier 
stage peaked at 465 kilocycles, a type 
6J7 combined second detector-beat fre- 


quency oscillator, followed by a con- Looking inside, cover lifted. Tubes are, left-to-right, 6A8, 6K7, 
ventional 6C5 triode audio amplifier, 6J7 and 6C5. Tuning condensers are mounted under the chassis. 
the output of which is transformer- 
coupled to match the usual 500 or 600- power supply be dispensed with. Here need be adjusted from time to time. 
i chm input circuits encountered in at WCED, the “B” voltage was taken It is, of course, simplicity itself to ad- 
I broadcasting stations. Certain modi- from the source supplying the studio just this capacitor to secure a beat- 
| fications could, of course, be incorpo- console amplifier. Filaments, of course, note of desirable tone. 
rated to accommodate individual tastes are lighted from the’ transformer In practice, the second detector is 
should the receiver be constructed for mounted atop the receiver chassis. In- placed in regeneration and tuned to 


purposes other than rebroadcasting. cidentally, experimentation showed the _zero-beat the incoming time signal by 
For instance, the 6C5 plate circuit circuit and tubes in question operate adjusting the secondary tuning capac- 
could be coupled to the audio section quite satisfactorily on a plate voltage itor in the L4 assembly. During this 
of any available broadcast receiver as low as 100 to 125 volts, the only adjustment, C9 should be midway be- 
for loudspeaker operation, or a pentode _ sacrifice being a noticeable loss of gain. tween minimum and maximum capac- 


could be substituted and direct loud- The receiver, being of the fixed- ity. Now, by increasing or decreasing 
speaker volume secured. tuned “police type” variety, requires the capacity of C9, it is possible to se- 

No effort has been made to specify no relatively expensive tuning dials cure beat-note reception of NSS on 

a “B” voltage supply. Almost any ex- and knobs, this adding to the general’ either side of the carrier as desired. 
isting power pack can be utilized to simplicity and low cost of the unit. A In case of interference from other tele- 
furnish 250 volts at a drain not in ex- “neutralizing” tool or suitable screw graph stations, tuning to the opposite 
cess of thirty milliamperes. The inter- driver serves to enable the constructor _ side of the NSS zero-beat usually will 


mittert use to which the receiver to line up the circuits and, once this clear up the difficulty. After deter- 
probably would be subjected suggests preliminary tune-up is completed, only mining which sideband gives the bet- 


that the additional cost of a special the band spreading condenser, C9, (Continued on page 48) 
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AVIATION RADIO COURSE 


by PAUL W. KARROL 


The student must master the theory and operation of loop 
antennae if he expects to qualify as an aviation radio op. 


tion radio technicians should be 
familiar is aircraft radio com- 
passes. Although direction finder 
(DF) and radio compass are terms 
which may be used synonymously, we 
will refer to the latter more fre- 
quently in this lesson. : 
It is known that radio compass ap- 
paratus has been used successfully as 
far back as World War I. Immedi- 
ately after the war period, a few in- 
stallations could be found in a few 
ground stations, dirigibles and air- 
craft. However, it wasn’t until the 
early thirties that radio compasses for 
aircraft were considered as important 
radio aids to air navigation. Today 
we find that radio compass equipment 
is being used extensively to great ad- 
vantage by pilots the world over. 
Although there are many types of 
compass equipment being used today, 
we will approach our subject from 
the standpoint of generalizing as much 
information as possible and still cover 
some specific types. With a good un- 
derstanding of rudimentary principles, 
it will not be a difficult task to com- 
prehend most of the data on radio 
compass operation, etc. Radio com- 
pass theory should be thoroughly un- 
derstood before attempting installa- 
tion, adjustment, and maintenance of 
radio compass equipment. 
The component around which the 
radio compass is designed and con- 


A ton ratio with which all avia- 


structed, is basically the loop antenna. 
Because it has unusual directive char- 
acteristics, the loop antenna is respon- 
sive to waves approaching from defi- 
nite angles. That is, when the loop is 
in the proper position with respect to 
the transmitted waves, viz., the plane 
of the loop is in a direction toward the 
transmitting station, maximum cur- 
rent is induced in the loop windings. 
When the loop is perpendicular to the 
direction of the propagated waves, 
minimum current will of course be 
induced in the loop windings. The 
angle at which the loop is turned 
where minimum signal is either visu- 
ally or aurally indicated, is called the 
null, zero signal, or dip position. 

Let us assume for a moment that we 
have two coils wound exactly the 
same. Taking these coils, we connect 
one to a signal generator and the other 
to a detector which in turn is con- 
nected to a pair of phones. We find 
that we hear the strongest signal 
when our two coils are end to end. 
When we turn either coil so one end 
is perpendicular to the other’s center 
we have minimum signal; this is the 
null point. Now then, if our signal 
generator is transmitting a fairly 
strong signal wherein it is possible for 
us to go some distance away from the 
generator and still hear the signal, we 
can with some accuracy tell in which 
way the coil is oriented. However, 
we cannot accurately determine which 


These units comprise the essentials for complete direction-finder. 
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end of the coil (if marked) is pointeg 
in a certain direction. The reason will 
soon be apparent. 

Nearly always, an azimuth Scale 
which is calibrated from 0° to 360° jg 
attached to the lower vertical axis 
the loop antenna. This scale is made 
an integral part of the loop and will 
move with it when rotated. In the 
automatic DF installation, the loop js 
rotated automatically and electrically 
When it is in any position other than 
the correct dip or null position, a cop. 
trol circuit will deliver power to the 
electric motor which turns the loop to 
the correct position, i.e., null or zer 
signal position. 

Because a loop antenna has two null 
positions which are 180° apart and be. 
cause the loop’s pattern resembles a 
double 00 or a figure 8, the direction 
of the transmitting station cannot al- 
ways be instantly determined (with 
older types of direction finding appa- 
ratus). It is therefore necessary that 
an antenna (vertical or balanced T) 
having no- pronounced _ directional 
characteristics be employed conjunc. 
tively with the loop antenna in order 
to obtain proper relative bearings 
(bearings obtained from the azimuth 
scale). This is accomplished by feed- 
ing the non-directional antenna’s sig- 
nal into the common channel and 
combining it with the loop’s signal. 
Then by rotating the antenna between 
180° from both readings, all the while 
noting signal intensity of the two 
readings obtained, it is possible to 
choose the correct reading which will 
be used with subsequent readings for 
triangulating position fix. (Position of 
aircraft with respect to ground trans- 
mitting stations at a given time) 
With the right-left (R-L) type of 
compass, if when the loop is rotated 
to the right the needle goes to the 
right from the original null position, 
then the first reading obtained is the 
correct reading. However, if the needle 
swings to the left when the loop is 
rotated right, then the reading ob 
tained is erroneous and should be dis- 
regarded. The erroneous, or reciprocal 
bearing is never used, other than an 
indication that the relative bearing is 
approximately 180° removed from the 
former. The operation of determining 
whether the bearing obtained is the 
relative or reciprocal bearing is com 
monly called sensing or spotting. 

There are two purposes for which 
the radio compass used in aircraft was 
designed; the first being the determi- 
nation of the aircraft's position with 
respect to a ground radio transmitting 
station or stations, and the second 
being its use for a “homing” device. 
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Determining the aircraft’s position 
with respect to known ground stations 
is not difficult if the compass equip- 
ment is operated correctly, and using 
the compass as a homing device 
(wherein a radio station at the air- 
craft’s destination transmits a signal 
which is followed by the aircraft) de- 
pends upon how accurate the compass 
is and whether corrections have been 
made to compensate for drift. 


Fig. 

The relative bearing is not always 
correct because of the introduction of 
errors introduced by the following: 
night effect or layer shift; metal mass 
reflection; and improper compass Cali- 
bration. Also, if frequencies used are 
above 2000 kilocycles, other errors 
are introduced. Errors resulting from 
flying over mountainous country, large 
bodies of water, etc., are also notice- 
able in the majority of cases. 


Fig. 2. 


When the Heaviside layer shifts po- 
sition (especially at night) the effects 
produced are readily apparent to the 
compass operator. Swinging signals 
make for inaccurate bearings, espe- 
cially if automatic DF apparatus is . 
not used. Night effect or layer shift 
is noticeably pronounced when those 
frequencies being used are being radi- 
ated by a horizontal antenna. Signals 

(Continued on page 62) 
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PRACTICAL 


TRANSFORMER DESIGN 


by WILLIAM A. STOCKLIN 


Associate Editor, RADIO NEWS 


The author continues his discussion of transformer design 


problems and tells how to construct units of several types. 


HE automatic winding machine 

4 has been the greatest contributor 

towards the reduction of cost for 
constructing transformer coils. This 
machine makes it possible to wind as 
many as 10 to 24 coils (depending on 
the coil length) at one time, providing 
the windings are wound with approxi- 
mately a 24-gauge wire or smaller. If 
the wire size is larger, the coils must 
then be wound individually by hand. 

However, the average radio man is 
not fortunate enough to have avail- 
able such a machine and must resort 
to one of several manual methods to 
wind these coils. The most practical 
would be to rig up some form of a 
variable speed motor, equipped with 
an automatic counter or, if this is not 
available, to mount a hand drill in a 
vise using its chuck to mount the coil. 
The latter method is rather:crude, but 
does serve the purpose for winding 
coils with rather large wire. It is 
practically impossible to wind, without 
considerable difficulty, any coil having 
a large number of turns or a wire size 
of No. 30 or smaller, using a hand 
drill. 

It is difficult at the present time to 
purchase the necessary laminations 
and wire for the construction of trans- 
formers and therefore we must resort 
to old and obsolete transformers and 
speaker field coils for this material. 
Field coils are usually wound with a 


copper wire between the sizes of No. 
32 and No. 39. Output transformer 
primaries contain wire between the 
sizes of No. 35 to No. 41 while the 
secondaries may be wound with wire 
between the sizes of No. 20 to No. 25. 
Wire sizes larger than No. 20 can gen- 
erally be obtained from the filament 
windings of power transformers. 

The complete design of a transform- 
er’s electrical and magnetic circuits is 
largely a matter of cut and try and 
former experience. It is not only nec- 
essary to know the magnetic charac- 
teristic of the laminations to be used, 
but the outside dimensions, mounting 
and winding area are all factors which 
must be juggled, from which a com- 
promise is made to obtain the final de- 
sign. Therefore, bearing this in mind 
and taking into consideration what 
was covered in the previous article 
published in the August issue of Rapio 
NEws, we will go into the design of a 
simple filament transformer. For ex- 
ample, one may prefer to use two 2A3 
output tubes that are on hand and 
cannot obtain the 2.5 volt filament 
voltage, while all the other transform- 
ers are available. 

Referring to a tube manual, we find 
that the filaments of two 2A3’s will 
draw 5 amperes at 2.5 volts. There- 
fore the transformer must be designed 
to supply 2.5 v. @ 5 amps from a 
primary of 117 v. 60 cycles. The sec- 
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ondary wire size to carry 5 amps anj 
to operate at a conservative value of 
650 circular mills would be No, 35 
gauge. If this wire size is not ayail. 
able, it is permissible and practical 
to use two No. 18 gauge wires woung 
side by side and connected in paralle} 
Note that the circular mil area of two 
No. 18 gauge wires is equivalent to one 
No. 15 gauge wire. 

To determine the primary wire size 
we must first determine the current 
which would flow in the primary wind. 
ing when the secondary is connected 
to the load. Accordingly, the primary 
wattage would be the secondary watt- 
age plus the core losses which would 
be 12.5 watts (2.5x5) plus 5 watts (as. 
sumed total core loss) respectively, a 
total of 17.5 watts. 17.5 w. divided by 
the primary voltage of 117 v. would be 
.15 amp. that the primary wire would 
carry. The primary wire size for this 
current operating at 800 circular mils 
would be a No. 29 gauge. 

The next part to be determined is 
the lamination size necessary for this 
design. We will judge from past ex- 
periences that this would be about a 
7%” lamination. Now fill in all the 
information accumulated thus far on 
a form sheet similar to the one illus- 
trated in Fig. 1. 

The coil length may be determined 
from the window opening (1%x%) 
and allowing 1(;;" on each side. The 
winding length is determined from the 
coil length allowing approximately 
1,” on each side. The number of turns 
per layer is determined from the wire 
diameter and the winding length, as 
suming that approximately 90° of the 
winding length may be utilized. 


1! so X 90% — 

0121 (hs) turns per layer on the 

primary. 

Again we will make an estimate this 
time as to the number of primar) 
turns, roughly about 1050. Then the 
secondary turns would be 24: 

110 2.5 

1050 ~~——sSONN«yj.: see. turns 
The effective primary voltage is a& 
sumed to be 110 v. allowing a 7 v. 18. 
copper loss. 

Adding up the thicknesses of the 
various parts in the coil (paper ané 
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wire) to obtain the coil thickness, we 
find that the coil build-up is approxi- 

This is 85“ of the total 
window height of 4375" (2 of %"). 
This indicates that the original esti- 
mate of 1050 turns on the primary is 
ideally suited for this size lamination, 
as it is always considered good prac- 
tice to allow 15° of the window height 
for the additional build-up due to ex- 
cess interlayer paper and curvature 
of the coil. Otherwise it would be 
necessary to press the coil into its rec- 
tangular shape which may cause dam- 


mately .3703 A 


age. ee : 
The final calculation is to determine 


the lamination stack: 
E effec. x 10° 
4.44fNA”K 
per square inch. 

B” max. = lines per square inch of 
core area. 

E effec. = 
age. 

N = Number of primary turns. 

f = frequency in cycles per second. 

A = cross section of the magnetic 
path (center leg) in sq. inches. 

K = Stacking factor assumed at 
90%. 


B” max. 


B” max. = lines 


R. M. S. Primary volt- 


117x10* 

4.44x60x1050xA”x.9 
For a conservative design, we will as- 
sume B” max. to be 70,000 lines per 
sq. in. and 

A= % x stack (S) 
then 

117x10% 
4.44x60x1050x70,000x % x.9 

= Ber Xi’ 

It is now quite apparent that a 
transformer constructed to this design, 
which has worked out successfully, 
would be quite efficient. If one were 
to redesign this transformer to reduce 
cost, it would be permissible to reduce 
the primary wire size to a 230 gauge 
wire (operating at 665 cm.) and to re- 
calculate the core area for a flux dens- 
ity of 85,000 lines per sq. in. This 
transformer may then be designed 
around a %” lamination which would 
reduce cost considerably, sacrificing, 
of course, efficiency. 

In constructing a transformer to our 
original design, first make the tube 
(%"x%") on a separate form and then 
proceed to wind the smaller wire wind- 
ing first—in this case, the primary; 
then continuing to the windings hav- 
ing larger wire. 

It will be necessary to solder to the 
ends of each winding, if the winding 
wire size is less than a 223 gauge, a 
lead to be used for the external con- 
nection which should be taped rigidly 
inside the coil proper. On windings 
having a wire size 23 gauge or larger, 
it is permissible to extend the original 
wire for use as an external connection. 

After the coil is completed, insert 
the laminations. The laminations are 
to be inserted 4x4; i.e., four in one di- 
rection and then four in the opposite 
direction alternately until the stack 
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reaches % Where cost is not an im- 
portant item and to reduce the core 
losses, it is suggested that the core be 
laminated 1x1 instead of 4x4. 

After the coil and laminations have 
been assembled, it is ready for impreg- 
nation, there are several types of im- 
pregnating compounds used, but basi- 
cally they all consist of some type of 
varnish or wax. 

The coil and lamination assembly 
should first be heated until the coil is 
completely free from moisture, then 
immediately dipped into a wax or var- 
nish compound. 

The transformer is now complete 
except for mounting. 

Now let us cover a somewhat more 
complicated design, one that has been 
specified as follows: 

Pri. = 117 v. 60 cy. 
Sec. 21 = 300 v. 80 ma. d.c. at in- 

put of filter, 8 mfd. and a type 80 

full-wave rectifier. 

Fil. $1 = 6.3 v. 2 amp. 
Fil. $2 = 5 v. 2 amp. 

Assuming the rectifier tube about 
80% efficient, the secondary #1 total 
load wattage would be equivalent to 
30 watts. 

300 X .08 — 80% = 30 watts. 

Referring to any tube manual we 
find that the a.c. voltage per plate 
necessary to produce the specified rec- 
tified d.c. potential would be 320 v. per 
plate. 

The formal theoretical method to 
determine the necessary wire size of 
the secondary 21 winding would re- 
quire consideration of the efficiency of 
the rectifier tube and the wave form 
of the alternating current, bearing in 
mind that this current flows only dur- 
ing one-half of the cycle. This method 
is rather lengthy and complicated. 
Through years of experience by many 
engineers, it has been found that the 
heating effect of the a.c. in this type of 
winding may be considered equivalent 
to the heating effect of the d.c. load 
current and therefore this method is 
being used throughout the industry. 

From this information it is now pos- 
sible to determine the necessary wire 
sizes for the separate windings (refer 
to chart illustrated in Fig. 2). 

Sec. 21: 232 gauge 810 c.m. 


225 gauge 665 c.m. 
: 219 gauge 643 c.m. 
F.I. 22: 219 gauge 643 c.m. 

A fairly good estimate as to the 
lamination size necessary to make this 
a practical design would be a 1%” 
lamination. Following through the 
same procedure, as mentioned previ- 
ously, in determining the maximum 
number of turns which may be wound 
on the core (remembering that the 
core build-up of approximately 85% of 
the window height can only be util- 
ized) we get a design as shown in 
Fig. 2. 

After specifications of the coil have 
been determined, calculate the core 
stack. For a less conservative de- 
signed transformer, we will use 80,000 
lines per sq. in. for the flux density. 

This concludes the design and the 
unit is now ready for impregnation, 
mounting, etc. 

The designing of transformers as 
practiced by our leading transformer 
manufacturers is not quite as simple as 
shown by this article. Bear in mind 
that there are an innumerable num- 
ber of men that are capable of design- 
ing transformers. However, the out- 
standing engineers are those that have 
sufficient foresight and knowledge to 
design transformers that may be con- 
structed at the least possible cost and 
yet meet all operating specifications. 
Cost is always an essential factor as 
quantities as high as 100,000 units are 
made from one particular design. 
This involves a thorough study of the 
various types of laminations and their 
electrical characteristics, the produc- 
tion facilities and methods for a par- 
ticular plant and also the market 
prices of copper and steel. For an ex- 
ample, if the prices of copper increase, 
it would be quite apparent that rede- 
signing a particular transformer, re- 
ducing the amount of copper and in- 
creasing the core area (laminations) 
would give an equivalent electrical de- 
sign at a lower constructional cost. 

Fortunately the reader is primarily 
interested in the design or rebuilding 
of transformers, utilizing equipment 
and materials which may be on hand. 
(To Be Continued) 
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PRACTICAL RADIO COURSE 


by ALFRED A. GHIRARDI 


The study of Induction is very fascinating and its 
application is found in nearly all radio circuits. 


Self Inductance 

HE last lesson explained the 

method by which e.m.f. is gener- 

ated in an a.c. or a d.c. generator 
by moving electrical conductors across 
a magnetic field (electromagnetic in- 
duction), and pointed out the essential 
difference between the construction of 
a.c. and d.c. generators. Various com- 
mercial generators, designed to be 
used with radio equipment, were illus- 
trated. 

The phenomenon of electromagnetic 
induction also finds very important ap- 
plication in other components of radio 
equipment—for example, in tuning 


Fig. 1. 


coils and in various types of trans- 
formers. These are the subject of the 
present study. 

It has been stated frequently in ear- 
lier lessons that a current flowing in 
a conductor produces a magnetic 
field surrounding the conductor. The 
strength, or intensity, of this magnetic 
field is proportional to the current. 
Therefore, whenever the current in 
the conductor changes in value, the 
intensity of the magnetic field sur- 
rounding the conductor likewise 
changes. When the current is increas- 
ing in value, the magnetic flux created 
by it also increases by expanding out- 
ward from the center of the conduc- 
tor. In doing so, it cuts across the 
conductor on its way out. Whenever 
the current is decreasing in value, the 
magnetic flux also decreases by con- 
tracting inward toward the center of 
the conductor, thereby cutting across 
it in the opposite direction. This cut- 
ting of the conductor by its own lines 
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of force induces in it an e.m.f. The 
phenomenon is commonly termed self- 
induction. 

The self-induced e.m.f. is always in 
such a direction that it tends to pre- 
vent any change that may be taking 
place in the current at the moment. 
If the current is on the increase, the 
self-induced voltage tends to prevent 
it from increasing; if the current is 
on the decrease, the self-induced volt- 
age tends to prevent it from decreas- 
ing. Self-induction, therefore, acts as 
an opposition to any change in the 
current flow. It differs from the ohmic 
resistance of conductors in that it sets 
up an opposition only when the cur- 
rent is changing in some way, whereas 
the opposition caused by ohmic resist- 
ance is effective at all times whether 
the current is changing in value or 
whether it is flowing at a steady value. 

Also, since the self-induced e.m.f. 
opposes any change whatever in the 
current flow, it is evident that in those 
circuits in which this inductive effect 
is present to any great extent, it takes 
a longer time for the current to build 
up to its full value when e.m.f. is ap- 
plied to the circuit, and a longer time 
for the current to decrease to zero 
value when the e.m.f. is removed. The 
eftect is somewhat similar to that of 
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inertia in mechanical devices, the in- 
ertia tending to oppose any increase 
or decrease in the speed of motion. 

The property of an electric circuit 
or device which determines, for a 
given rate of change of current in the 
circuit, the electromotive force in- 
duced in the same circuit is called its 
self-inductance. 

The unit of self-inductance is called 
the henry, named in honor of Joseph 
Henry, the famous experimenter who 
independently discovered the effects of 
electromagnetic induction only a few 
months after Michael Faraday. 

A circuit has a self-inductance of 
one henry if a current changing at the 
rate of one ampere per second in it 
induces a self-induced e.m.f. of 1v. 
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Inductance is represented by the 
symbol L. Because many inductive 
devices employed in radio equipment 
have an inductance very much smaller 
than one henry, subdivisions of the 
unit are often needed to express their 
inductance conveniently: the milli. 
henry (equal to one-thousandth of a 
henry) and the microhenry (equal to 
one-millionth of a henry). 

The self-inductance of a given con. 
ductor comprising an electric circuit 
depends greatly on its physical ar. 


rangement. If it is in the form ofa 
straight wire, or a single-turn loop 


its inductance is comparatively low, 
for then any one element of the con- 
ductor is cut only by the lines of force 
created by the current flowing through 
it alone (see (A) of Fig. 1). If the 
same conductor is wound into the form 
of a 2-turn coil, as in (B) of Fig. 1, the 
inductive effect and therefore the it- 
ductance, is increased. Each turns 
now linked and unlinked, not only by 
its own magnetic field but also by an 
equal field of the turn adjacent to it 

The self-induced e.m.f. per turns 
twice as great as before. Since there 
are two turns, the total self-induced 
e.m.f. is four times as great as it was 
for the one-turn coil at (A). It fd 
lows that the self-inductance of a cal 
of wire increases greatly with the 
number of turns—in fact, increases 0 
proportion to the square of the num 
ber of turns. 

Whenever strong self-induction § 
required, the conductor is wound inl 
a concentrated coil having a gre 
many turns, the magnetic fields, cit 
ated by the many turns, acting mutt 
ally on each other to produce a strong 
total inductive effect. The inductanct 
also depends on the manner in whith 
the wire is wound—naturally, if its 
wound into a tight, concentrated coll 
so that all the lines of force of ead 
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turn link and unlink with every other 
turn of wire in the coil, maximum In- 
ductive effect is produced. _— 

If it is wound as a long, loose coil, 
inductive effect 1s less (even 
there are the same number of 
for the lines of force of some 


the 
though 
turns), 


turns do not reach other turns, there- 
fore do not 


link and unlink with them 


to produce self-induced e.m.f. The 
self-inductance of a coil also depends 
greatly on the material on which it is 
wound. If it is wound on iron (a good 
permeable magnetic material), the in- 
ductance is greater because the cur- 
rent through the coil produces a more 
intense, concentrated magnetic field, 
and hence more lines of force cut 
across each turn in the coil. 

There are a number of complicated 
formulae by which can be calculated 
the inductance of coils of various 
forms and sizes. The formulae for air- 
core coils differ, of course, from those 
for coils containing a core of magnetic 
material. 

Practical Inductance Forms 

In radio receiver circuits carrying 
high-frequency currents, the induc- 
tance coils are often wound of insu- 
lated wire on a non-magnetic support- 
ing form; these, for all practical pur- 
poses, are considered to have an air 
core. For these circuits, too, during 
the past few years, coils having cores 
of special, finely-divided iron particles 
pressed together have come into wide 
use. These have made it possible to 
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construct, with a minimum of copper 
wire, compact inductance coils having 
appreciable inductance in a very small 
space. 

These coils find important use in 
small portable, miniature automobile 
and aircraft radios, as well as in home 
receivers. In circuits carrying audio- 
frequency or power-frequency cur- 
rents, iron in the form of thin lamina- 
tions is used as a core for the induc- 
tance coils in order to build up large 
inductances, with minimum copper 
wire, in small spaces. 

Self-inductance is often encountered 
as an integral part of some electrical 
device or circuit, the chief purpose of 
which is not necessarily to provide 
self-inductance. Thus, as will be dis- 
cussed later, both the primary and 
secondary windings of every trans- 
former have self-inductance. The field 
coil of an electrodynamic loudspeaker 
has appreciable self-inductance — so 
much, in fact, that this field coil is 
often used simultaneously as a choke 
coil to help smooth out current varia- 
tions in the receiver. 

The self-inductance of the secondary 
winding of tuning transformers or 


transmitter and receiver coils, is the 
important factor which determines the 
range to 


frequency or wavelength 


which they tune when properly con- 
nected to a given condenser. When 
devices are purposely constructed and 
added to electric circuits to introduce 
self-inductance in them, they are fre- 
quently distinguished by the name in- 
ductor. More often, however, they are 
called by the particular names given 
them in the trade through long usage 
—such as choke coil, impedance 
coil, radio-frequency choke, audio-fre- 
quency choke, filter choke, etc. These 
are names which immediately identify 
their use and the particular circuits in 
which they are employed. 
Non-Inductive Coils 

In some electrical devices in which 
a long length of wire (usually of a re- 
sistance alloy) is purposely inserted 
in the circuit to introduce a required 
amount of resistance for some partic- 
ular purpose, the wire must be coiled 
to occupy very little space; but it is 
often desirable, indeed necessary, that 
it not introduce any inductance into 
the circuit even though it is in coiled 
form. The resistance coils in many 
electrical instruments such as volt- 
meters, multimeters, bridges, etc., are 
examples of these. 

One of the simplest, most practical 


ways of winding a coil containing a 
large number of turns of wire so that 
it will be non-inductive, is to wind the 
wire double, as shown at (A) of Fig. 2, 
then connect the two starting ends to- 
gether. Since the current then flows 


in opposite directions in the two wires, 
as indicated by the arrows, the mag- 
netic effects produced by the current 
flowing through one wire are exactly 
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equal in strength and opposite in di- 
rection at every point to those pro- 
duced by the current in the other wire. 
The magnetic fields, therefore, neu- 
tralize each other and no effective 
self-induced e.m.f. is produced. This 
is one very popular form of non-induc- 
tive winding. 

Another method of winding a non- 
inductive coil—more practical when 
ordinary simple coil winding machin- 
ery is employed, since the wire is 
wound single instead of double—is il- 
lustrated at (B) of Fig..2. Here the 
total wire is wound in the form of two 
similar coils, each having an equal 
number of turns, equal to half the to- 
tal turns required in the entire coil. 
The coils are then placed end to end 
and the proper ends connected as 
shown (depending upon the directions 
of the two windings), so the current 
flows through the two coils in opposite 
directions. Their magnetic fields then 
neutralize each other. 

Sometimes it is more practical to 
neutralize the inductive effect of one 
coil by sending current through a sep- 
arate bucking winding, of the proper 

(Continued on page 54) 
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Presenting latest information on the Radio situation. 


MILLIONS OF DOLLARS OF RADIO 
apparatus have been approved every 
day in the past months, by the Signal 
Corps. This represents double the flow 
of material in the preceding corre- 
sponding period. Approximately 1500 
prime contractors and more than 
10,000 subcontractors are engaged in 
the production of this equipment, for 
which approximately four billion dol- 
lars has been appropriated, beginning 
as far back as July 1, 1940. Today, 
the Signal Corps is supplying 34,000 
items of equipment and parts, which 
is quite a contrast to the scene in 1919 
when from 20 to 50 pieces were re- 
quired and few of them were available 
from any single Signal Corps contrac- 
tor. 


AN EXTENSIVE PROGRAM OF 
STANDARDS for radio materials and 
parts has been taken on by the Amer- 
ican Association of Standards at the 
request of the WPB. It is being car- 
ried on in close cooperation with the 
Army and Navy so as to bring about 
better standardization of quality and 
to eliminate differences between the 
requirements of the Services. Thus 
far, 6 projects have been selected for 
the Radio and Radar section of the 
WPB, one of these being on moulded 
mica capacitors, where 18 standards 
are needed for these capacitors. 

The RMA has set up five divisions, 
namely, military components section, 
military tube section, military receiver 
section, military transmitter section 
and military electronics application 
section, each of which have suitable 
working committees for the develop- 
ment of appropriate standards. These 
sections are working under the direc- 
tion of Dr. W. R. G. Baker, director of 
the RMA Engineering Department, 
and Mr. L. C. F. Horle, coordinator of 
military standardization. 

In addition, several forms of stand- 
ards of design and operation have been 
developed by the IRE, their latest 
being on Standards on Radio Wave 
Propagation, in which measuring 
methods are analyzed. The IRE have 
been studying the problems of stand- 
ardization since 1912, when the first 
standards committee was appointed. 
The next year saw the appearance of 
the first report on definitions of terms, 
letter and graphical symbols, and 
methods of testing and rating equip- 
ment. In successive years, they pub- 
lished standards on electroacoustics, 
electronics, transmitters and antennas, 
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radio receivers, facsimile. They have 
also cooperated with the ASA in the 
preparation and publication of stand- 
ards on vacuum tube bases and socket 
dimensions, and manufacturing stand- 
ards for broadcast receivers. 

These standardization reports are 
excellent for research and study and 
should be additions to the library. In- 
cidentally, they only cost from twenty 
to fifty cents a copy. 


REMEMBER BALSA WOOD and the 
fine speakers it helped to make years 
ago? It’s now a full fledged member 
of the military production forces, hav- 
ing been placed under full import con- 
trol. This familiar light. wood that 
served to make such ideal baffles, is 
quite an essential item in the manu- 
facture of airplane parts, life rafts and 
other similar projects where lightness, 
yet sturdiness is vital. South America 
is the major producer in this wood. 
Small diamond dies, used in draw- 
ing wire, essential in producing fine 
instruments, have also joined the list 
of the restricted. There is no short- 
age of diamonds, but rather of the 
skilled workers who can perform the 
difficult and delicate operation of drill- 
ing holes 144 the diameter of a human 
hair through diamonds. France was 
formerly the center of the die-making 
industry, where it existed for decades 
as a cottage trade. Switzerland was 
also a haven and still is for these fine 
tool-smiths. Only recently has it been 
possible to step up production of these 
delicate components in this country. 
Sapphires, a member of the re- 
stricted group for some time, may 
soon find that it isn’t as important to 
the instrument industry as pricr to the 
war. For glass substitutes have been 


produced by F. K. McCune and J. H. 


Engineers inspecting new 5 ft. model 
circular antenna at I.R.E. Convention. 
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Gross of General Electric that hay 
provided results so equivalent to that 
of sapphires, that it has been impos. 
sible to note any difference. Sapphires 
were also pet items of manufacture 
among the Swiss, jewel-smiths having 
devoted their full time in not only 
learning this delicate art, but teaching 
it to others in their families. 


“IMAGINE MacARTHUR REPORT. 
ING by Beacon Fires and Imagine 
Generals Giving Commands by Smoke 
Columns” title the first two of a strik. 
ing series of advertisements prepared 
by Stromberg Carlson, devoted to an 
analysis of methods of war communi- 
cations of yesterday and today. In the 
first advertisement, a drawing of King 
Agamemnon reporting the fall of Troy 
in 1184 B.C., is shown. He was among 
the first to use what was then the 
latest form of communications... a 
series of beacon fires. In the second 
advertisement, the Indian smoke col- 
umn is depicted. In those days, the 
height, body and flow of smoke tolda 
vital story. Today the flow of smoke 
also tells a tragic story, but a different 
type of story that may mean good 
news or bad news .. . news though 
that radio will tell us quickly and ac- 
curately. 


TO LEND A HAND to students... 
and help speed training . . . for tech- 
nical and professional jobs, a fund that 
will afford monthly loans, has been 
voted by Congress. The loan fund of 
$5,000,000, will be made available in 
allotments of up to $500 a year, at 
212% interest annually, and cancelled 
if the student is drafted during train- 
ing. The funds will be available from 
colleges and universities, and by public 
or college connected agencies. These 
loans will be made to students in en- 
gineering, physics, chemistry, etc., who 
are within two years of completing 
their work. In other words, if the 
course is a two-year course, the stu- 
dent will be able to make the loan, or 
if he has entered the third year of his 
course, he will be able to make the 
loan. The purpose of restricting it to 
this two-year period is prompted by 
the accelerated educational programs 
now in progress and essential to the 
present wartime schedule. The stu- 
dent making the loan will have to sign 
an agreement, stating that he or she 
will participate until otherwise di- 
rected by the chairman of the WMC, 
in accelerated programs of study in 
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any of the authorized fields, and that 
in addition, he or she will engage for 
the duration of the wars In which this 
country is engaged, in such employ- 
ment or service aS may be assigned by 
officers or agencies, designated by the 
chairman of the WMC, Paul V. Mc- 


Nutt. 


INDUCTION OF CIVILIAN TRAIN- 
EES for the Signal Corps reached a 
new high in New York City recently 
when 400 were sworn In for training 
in a mass ceremony in front of the 
City Hall. After the ceremonies, the 
trainees, who in six months will be 
radio repairmen, went to their classes 
in reconstructed rooms in the old 
World Building on Park Row in the 
lower part of the city. They will be 
instructed in three groups, eight hours 
a day each. Those of the trainees of 
draft age and in class 1-A will be en- 
rolled in the Enlisted Reserve of the 
Signal Corps. Those of the trainees 
who show aptitude will be sent to ad- 
vance schools, and then to officers 
training school. Other schools are 
opening rapidly in other locations in 
New York and other states. 

In many states, radio schools have 
been taken over in their entirety by 
the Signal Corps for the training of 
radio men. In these instances, the 
schooling parallels the training at the 
regular Army schools, with Army su- 
pervisors in charge. Those who are 
being trained here, are of the regular 
Army, subject to the complete dis- 
cipline of the Army, even though they 
are not on direct grounds of Army 
quarters. In Washington, D.C., one of 
the largest and oldest radio schools is 
now a full-fledged Army Radio Train- 
ing School. The courses used are for 
the most part similar to those used at 
most Army schools, as previously men- 
tioned. Deviations are made when the 
individual courses of the schools are 
found to contain a number of features 
that would be to the advantage of the 
trainee. 


MANY ITEMS HAVE APPEARED 
LATELY calling attention to the im- 
portance of girls as service workers. 
Before a Canadian group of dealers, a 
well-known specialist listed a few 
traits of girls that should serve them 
well in becoming efficient radio women. 
He said that, for instance, girls are 
quick to learn and readily become 
adept at skilled mechanical opera- 
tions, although he said their early 
training does not as a rule enable 
them to grasp the underlying theory 
with the same facility as the boys. 
Feel better now .. . boys ? 


REWRITING OF THE COMMUNI- 
CATIONS ACT was suggested by FCC 
member, T. A. M. Craven, before a 
meeting of the House Interstate Com- 
merce Committee. Mr. Craven disap- 
proves of the present structure, and 
asked for a provision of the pending 
legislation to split the commission into 
two divisions. He stated that with the 
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present methods of operation, there 
were too many important matters that 
were not receiving attention at all. 

These committee meetings, which 
have been going on for many weeks, 
have been the scene of many contro- 
versial debates. Although it is true 
that there are certain features of the 
Act, written as it was so many years 
ago, that are outdated and require re- 
vision, the revisions required are. not 
as drastic as many have requested. 
It is particularly difficult to revise the 
Act now, in view of the period of 
emergency under which we are now 
operating. Accordingly, it is possible 
that temporary measures will be in- 
voked, for the duration, with provision 
for Act reconstruction after the war. 
Because of the very policies involved 
in some of the revisions, prompting 
delay actions on matters that affect 
the networks, critical debate is bound 
to follow until all moves are complete. 
This, as we have just said, makes it 
all the more difficult today. We hope 
that all sides will set aside their per- 
sonal grievances .. . study the pres- 
ent critical necessities . . . and adopt 
such measures that might be neces- 
sary, quickly. 


BOOKS ARE WEAPONS reads a cir- 
cular that is being distributed in the 
East, as a prelude to conferences on 
the need for books . . . the value of 
books .. . and the general mobiliza- 
tion of everyone in the book industry 
to do their share during wartime. In 
radio, the call for cooperation was 
heeded a long time ago. As a result 
the greatest collection of educational 
books ever prepared, has made its ap- 
pearance. Books have been written 
by specialists in all fields of radio .. . 
in simple styles ...in advanced 
styles . . . for the student and for the 
engineer. Some of these have been 
.. . Basic Radio by Hoag... Elec- 
tronics by Millman and Seely... 
Fundamentals of Radio by Everitt, 
Jordan, Nelson, Osterbrock, Pumphrey 


and Smeby ... the Handbooks of 
ARRL, etc. Yes ... books are wea- 
pons ... use them wisely! 


RADIO, TELEPHONE, TELEGRAPH 
and all other forms of communication 
are in Class 11 of the new allocation 
classification system devised by the 
WPB. This system has been designed 
to provide a means of identifying the 


This antenna radiates substantially 
uniform energy in all directions. 
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ultimate uses and users of various 
products and materials as well as a 
means of transmitting such identifica- 
tions down through industry to orig- 
inal suppliers. With this information, 
WPB can then allocate materials more 
judiciously and also reduce the forms 
and rules which are the bane of so 
many. The new regulation provides 
that all purchase orders or contracts, 
other than retail, placed after June 30, 
1942, must have indicated on them the 
appropriate Allocation Classification 
Symbol and Purchaser’s Symbol. In 
addition, all orders, regardless of 
when placed, which call for delivery 
after July 31, must also carry these 
symbols. Customers who have already 
placed orders for delivery after July 
31, must have, before that date, no- 
tified the supplier of the appropriate 
symbols applying on such orders. 

The exact allocation symbol of radio 
in this new simplification move is 
11:20. There are five different pur- 
chaser’s symbols that are used to in- 
dicate the end user of the material. 
They are ...US A for the United 


States Army...U S N for the 
United States Navy ... LL for Lend- 
Lease ... FP for other foreign pur- 
chases . . . and DP for domestic pur- 
chases. 


In view of the complexity of various 
rulings involving procurement of ma- 
terials, many schools have set up spe- 
cial classes. New York University, for 
instance, has inaugurated a course of 
five weeks, two evenings a week in 
their School of Commerce. They say 
these courses are designed to help the 
businessman interpret such rulings 
and understand the conditions under 
which they were made. That’s quite 


a job ... on some of the rulings now 
in force! 
PRIME MINISTER WINSTON 


CHURCHILL and our famed “Walkie- 
Talkies” became fast friends during 
trips to various army bases, on his last 
visit to the United States. These little 
wonder radios served to bring him a 
vivid demonstration of not only the 
completeness of the communications 
systems of the Signal Corps, but of 
the perfect operations of coordinated 
air, land and sea units. He listened 
with amazement to the accuracy of 
paratroop maneuver orders issued 
from planes to paratroopers, with the 
assistance of the “walkie-talkie.” 
Time and time again, he commented 
on the effectiveness of these light- 
weight, self-contained, transmitter-re- 
ceivers, that serve to maintain so high 
a standard of communications for our 
armed forces. 


TELEVISION DEVELOPMENT HAS 
NOT BEEN waylaid, as many have 
been prone to assume. Although some 
development has been curtailed, be- 
cause of wartime restrictions, several 
laboratories and affiliated units are 
maintaining a healthy schedule of op- 
erations, in accordance with plans 
suggested at the recent television 
conference. Among those who are con- 
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tinuing with their television studies 
and plans are Philco and Television 
Productions on the coast. These com- 
panies stated, at the recent confer- 
ence, that they were willing to con- 
tinue the full time study of television 
and construct stations, or relay units, 
as the instances may require. And ac- 
cordingly, they have been granted con- 
struction permits, Philco, for instance, 
having been authorized to build an 
experimental relay station to be lo- 
cated between Wyndmeer, Pennsylva- 
nia and New York City. This station 
will be used for relaying programs 
originating at WNBT, the NBC siation 
in New York City, that also feeds pro- 
grams to WGRB, the General Electric 
station at Schenectady. These relayed 
programs will eventually be fed to 
WPTZ, Philco’s television main trans- 
mitter for rebroadcasting. Philco was 
also granted a modification of their 
construction permit, authorizing a 
new commercial television station, for 
a move of the transmitter, the making 
of changes in their antenna system 
and an increase in power. In Los An- 
geles, W6LA was granted the con- 
struction permit for the new televi- 
sion relay station. This station will 
operate on channels 11 and 12 with 
800 watts of peak visual power. The 
Philco station will operate on chan- 
nels 13 and 14. 

These stations are able to maintain 
these operations because they do not 
require the purchase of any new ma- 
terials. This is in accordance with a 
policy declared by the FCC during the 
latter part of April. Such stations 
that require new materials, will, un- 
fortunately, not be able to construct 
new stations. Falling in this unfor- 
tunate classification was the DuMont 
Laboratories, whose request for a 
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line of sight from WNBT. Among the 
receiving station characteristics af- 
fording this unusual link, are a 400 
foot long and 150 foot wide single 
rhombic antenna, supported by four 
steel towers 128 feet high. 

Six amplifier stages, operating at 
the incoming signal frequency, afford 
an increase in the low input level. In 
the first five stages are 6SG7 tubes 
and in the last is a GL-1614. The in- 
put and each succeeding plate to grid 
circuit is a double tuned inductively- 
coupled transformer. This coupling 
and the secondary loading of each 
stage is adjusted to give a band width 
of 4.75 mc., with an over-coupled volt- 
age dip of 3% at the center. As a re- 
sult, a resulting over-all gain of 250,- 
000 is obtained. During actual use, 
the signal strength at the receiver in- 
put is better than 300 microvolts. 

Another General Electric engineer, 
H. B. Fancher, described the complete 
main high power transmitter of 
WGRB, located in the Helderberg 
mountains, 1200 feet up. In this trans- 
mitter, low level modulation is used. 
This means that all of the stages from 
the modulated stages to the final out- 
put stage must be linear and pass 
without attenuation frequencies from 
.75 me. below the carrier, to 4 mc. 
above. While operating from the stu- 
dio in Schenectady, the signal passes 
through a total of twenty-eight class 
A or class B linear stages. Modula- 
tion takes place at the studio, where 
the composite signal modulates a pair 
of 6J5 tubes. Another feature of the 
television transmitter is a horizontally 
polarized antenna, which is a stacked 
array of four bays of large diameter, 
shortened half wave dipoles’ with 
driven directors. The elements are 
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phased to give maximum Tradiation ; 
the horizontal plane and are conneetej 
to the transmission line by a System 
of matching sections, according to Mr 
Fancher. These consist of Parallel 
bar, quarter wave transmission lines 
with adjustable spacing. The Complete 
antenna is enclosed in a wooden struc. 
ture so as to avoid any detuning effect 
of ice or snow that may collect on the 
antenna. 

Still another television topic gj. | 
cussed was that of lighting by H 4 
Breeding, also of General Electric. He 
described new water cooled mercury 
lamps, the development of which be. | 
gan with tubes installed at the New | 
York World’s Fair in 1939. Among 
the tubes described were those of , 
1000 watt capacity, affording approxi. 
mately 65,000 initial lumens. It is pos. | 
sible, according to Mr. Breeding, ty 
build up intensity over a 10 by 15 ty | 


10 foot high scene to 650 or more foot. 
candles of general lighting, with the 
upper portions of the scene reaching 
1000 footcandles. By supplementing 
this lighting with floor lamps, gooj | 
pictures are produced, with little or | 
no discomfort to the performers, re. 
marked Mr. Breeding. 

Frequency modulation’ which js 
closely allied to television, operating 
as it does in the higher frequencies 
and in conjunction, in many instances, 
with video systems, was effectively an- 
alyzed by W. F. Goetter of GE,, in 
his description of a new studio-trans. 
mitter relay system. In this system is 
a 25 watt transmitter using the direct 
frequency modulation principle of an 
oscillator having its mean frequency 
stabilized by a crystal. The sixth har- 
monic of the modulated oscillator and 
the sixth harmonic of a temperature 

controlled, highly stable crystal 


television construction permit for 
Washington, D. C., was denied. 
There are possibilities that if the 
need for such stations is proven 
vital to the wartime activities of 
the Nation, grants for construc- 
tion will be made. 


THE “SWAN-SONG” CONVENTION 
of the Institute of Radio Engineers 
... for the duration . . . was re- 
cently held in Cleveland. Over 
300 engineers who attended this 
conclave, heard some twenty-one 
papers on subjects ranging froma 
truly miniature receiver for the 
deaf ... only six inches high and 
about an inch and a half in thick- 
ness ... to a huge scanning elec- 
tron microscope capable of scan- 
ning in thousands of diameters. 
Frequency modulation and televi- 
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oscillatcr, are combined to pro- 
duce an i-f of 3 me. in this unit. 
The third harmonic of the modu- 
lated oscillator is then combined 
with the twenty-fourth harmonic 
of the same crystal oscillator used 
for the frequency control circuit. 
These two frequencies, when 
added together, produce a signal, 
which when tripled, according to 
Mr. Goetter, becomes the trans 
mitter output frequency. The re 
ceiver used in this system is a 
crystal controlled, double conver- 
sion, superheterodyne, featuring 
cascade limiting, and carrier-off 
supression. The two audio char 
nels, for programming and moni- 
toring, use resistance-capacitance 
de-emphasis circuits. The fre 
quency is thus maintained level 
over the entire range (30-16,00 


sion were pet topics of most of the 


engineer-authors. J. E. Keister 
of General Electric, for instance, 
discussed the television relay sys- 
tem that is in use at Schenectady 
by station WGRB. (This is a sys- 
tem similar to the proposed relay 
systems mentioned above.) Pro- 
grams are relayed from WNBT 
over a 130 mile span, even though 
station WRGB is a mile below the 


cycles). Still another important! 


“He’s a RADAR man and sure knows the 
answers!” 


feature of this system is the at 
tenna. This consists of two hori 
zontally polarized co-linear arrays 
spaced three-quarters of a wave- 
length apart, and fed in the proper 
phase for maximum radiatioa 1 
the desired direction. Each 
linear array consists of five half- 
wave radiating elements connect 
ed by phase inverting elements. 
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TO KEEP ’EM LISTENING... 
HOME SETS MUST BE SERVICED 


Second in importance only to direct war 
work is your job and ours of keeping the 
family radio sets of the country in good repair 
for the quick and widespread dissemination 
of information. 

To furnish the resistors and controls so vitally 
needed for all the equipment required for speed- 
ing up the war effort is now our No.1 job and 
will continue to be until Victory is won. Actu- 
ally, our greatly increased manufacturing facili- 
ties are 100% utilized three shifts per day on 
this all-important war work. 

However, we have devised means for furnish- 
ing a supply of the resistors and controls needed 
for servicing home sets and it will not be neces- 
sary for servicemen to use substitutes 
of unknown or doubtful quality for 


replacements. 


INTERNATIONAL RESISTANCE COMPAN 
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TYPE BT METALLIZED RESISTORS —These famous 
resistors will be furnished from our stock 
from which we formerly supplied leading radio 
set manufacturers. These resistors will be of 
exactly the same quality, ranges, and tolerance 
used by the large manufacturers before they dis- 
continued making home sets. 

VOLUME AND TONE CONTROLS — Plans have 
been completed to simplify the IRC service re- 
placement line, eliminate special units that can be 
replaced with universal types, and assemble new 
stocks from materials and parts on hand which 
can be done without interference with production 
for war needs. As in the past, you can count on the 
well-known IRC construction and noise-eliminat- 
ing features to assure long, quiet perform- 
ance on any service replacement job. IRC 
quality standards will be rigidly maintained. 


401 N. BROAD STREET 
PHILADELPHIA, PENNA. 
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Power is fed to each array through a 
matching section at the midpoint of 
the center radiating elements. 
diating elements, phase inverters and 
matching sections are completely en- 
closed with a new insulating substance, 
known as Herkolite tubing. This tub- 
ing, according to Mr. Goetter, is air 
It is connected so that the en- 
tire antenna as well as the transmis- 
sion line may be pressurized, if found 
necessary. 
enclosure protects the antenna against 
sleet and ice-melting. 

A phonograph reproducer, or pickup, 
designed so that a frequency modu- 
lated signal could be reproduced, was 
described at the convention by C. M. 
Sinnett of RCA Manufacturing, who 
with G. L. Beers, also of RCA, devel- 
oped this new unique unit. 
has a metal frame or mounting block 


tight. 
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In addition, 


this special 


The device 
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that serves as a support for an insu- 
lated plate which is the high potential 
side of the pickup. To this mounting 
block is attached a thin metal ribbon. 
This is mounted in a plane parallel to 
the insulated plate and spaced from it 
by a small air gap. It is placed under 
tension in order to increase the natu- 
ral resonance frequency of the system. 
Displacement of the stylus laterally 
results in a change in the position of 
the ribbon with respect to the fixed 
plate, and thus produces a change in 
capacity, said Mr. Sinnett. An oscilla- 
tor and frequency discriminator-recti- 
fier circuit used in conjunction with 
this unit, was also described. 
circuit, a simple resonant system is 
used to convert the oscillator frequency 
variations into changes in the ampli- 
tude of the signal applied to the diode 
portion of a 6R7 tube. 
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IRI LAYS by GUARDIAN 


% You need Relays and Solenoids for timing, 


fusing and releasing bombs. . . Solenoids to 
fire the guns ... Relays to control the radio— 
floodlights —landing gears — navigation aids 
—turrets. 

Used in practically every type warplane... 
government specified Relays by Guardian are 
the finest electrical controls we've ever de- 
signed... more control in less space... more 
room for guns and bombs... all done with a 
"know how” that’s unmistakably — Guardian 


GUARDIAN 
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LARGEST LINE OF RELAYS SE 
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GUN SWITCH HANDLES 
REMOTE FIRING EQUIPMENT 
TURRET CONTROLS 

RADIO CONTROLS 
NAVIGATION CONTROLS 
AIRCRAFT CONTROLS 
BOMB RELEASES 

SOLENOID CONTACTORS 


Samples of Approved Controls 
Available on Short Notice 
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iron tuning inductance tunes the ¢j 
cuit so that the mean oscillator a 
quency falls at approximately the Ne 
response point on one side of the selee. 
tivity characteristic. ‘ 
Probably one of the outstanding feg 
tures of the convention was the / 
nouncement of a new type of antenna 
...a circular antenna. . . develo 
by L. M. Leeds and M. W. Scheldop 
of G.E. The antenna, described jy 
Scheldorf affords a new low mutya 
between vertical bays, which greatly 
improves adjustments of multibay 
installations, and covers a wide fre. 
quency range with one physical stry. 
ture. In addition, the antenna may be 
easily mounted to a pole of any diam. 
eter and grounded to that pole, so that 
there is lightning protection. It may 
be applied, too, to automobiles an 
trucks. The antenna consists of Up- 
per and lower circular elements, each 
being a quarter wavelength long, and 
shortened by a physical quarter waye. 
length by an end capacity. The orig. 
inal single unit used as a basis for 
the description at the convention, js 
now in operation at the New York City 
Muzak station W47NY (the f-m sta. 
tion). Stations in Philadelphia, Chi- 
cago are also installing this new and 
unusual antenna, the design of which 
even affords sleet melting, if desired, 


FIFTEEN THOUSAND PORTABLE 
receivers are now in use on the mine- 
sweepers, sloops, submarines, torpedo 
boats and corvettes of the British 
Royal Navy, as a result of a voluntary 
fund of $125,000, raised to buy them. 
Employing a non-radiating circuit, es- 
sential to avoid divulging positions, 
the receivers have been offering out- 
standing service, electrically and mor- 
ally. Batteries affording some 240 
n0ours of service, provide several 
months service, under normal condi- 
tions. The Royal Air Force has about 
5,000 of these portables, and the Army 
has some 8,000. They are being used 
in many remote districts of Britain 
as well as in Iceland and the Middle 
Kast. 


THE TREND OF CATALOGS of some 
mail order houses has seen some his- 
toric changes lately. This huge tfe- 
tailer — formerly one of the largest 
listers of radio items is no longer 
illustrating radios which have been 
omitted in the latest Sears, Roebuck 
presentation. For the first time, 
radios, and other electrical equipment, 
receive no space, because of priority 
restrictions. Although originally some 
space had been set aside for radio sell- 
ing, sharp curtailments in production 
made it necessary to delete them from 
the book. Most of the Sears stores 
still have receivers for sale. But since 
no new receivers are expected, selling 
is being restricted to “on-the-floor’ 
only. Batteries, too, are becoming 
more and more difficult to purchase, 
but most dealers still have plenty o 
hand. Users of portables will soon be 
limited. 
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Sometimes Necessity is an ideal mother for invention— 
and in developing the new Mallory Wood Neck* Dry 
Electrolytic Condenser, Necessity has done herself 
proud. Mallory engineers have found a thoroughly 
satisfactory replacement for aluminum threaded neck 
condensers of either the wet or dry electrolytic type. 


They are designed for the emergency but we predict 
they will be popular long afterwards. 


Using an absolute minimum of raw materials vital for 
war production, these new Mallory Condensers employ 
an impregnated cardboard tube container and threaded 
wooden neck. Ingeniously providing the same mounting 
convenience as the aluminum can condensers they re- 
P.R.MALLORY & CO. Inc place, they are handsome, trouble free and long-lived. 
; You can use Mallory Wood Neck* Condensers with 
confidence—and recommend them enthusiastically. 


Free—from your Mallory Distributor—a chart showing 
how to select and use Wood Neck* Condensers to 
replace wet and dry aluminum can units. 


You can depend on Mallory and Mallory Distributors 
to help you lick the problems that war imposes .. . 
and meet the challenge to “keep ’em listening” with 
receiving sets in good repair. 
*Patent Applied For 

P. R. MALLORY & CO., Inc. 


INDIANAPOLIS INDIANA 
Cable Address — PELMALLO 


September. 1912 Al 
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MAGNETIC RECORDING ON STEEL, 
received a new jolt of interest re- 
cently; with the announcement of the 
development of a new method of re- 
cording on hair-thin wire by Marvin 
Camras, assistant physicist at the Ar- 
mour Research Foundation. Employ- 
ing the familiar method of magnetiz- 
ing and demagnetizing on steel, Mr. 
Camras has devised a system that per- 
mits the use of fine steel wire . 

eight hours of recording, for instance, 
on a spool of wire, approximately five 
inches in diameter and two inches 
wide . . . instead of the usual ribbons 
and other heavy steel media that per- 
mitted the recording of comparatively 
small portions of transmissions. The 


new steel thread is 4/1000 of an inch 
thick. 

As early as in 1900, magnetic steel 
wire recording achieved popularity, 
when Valdamar Poulsen, the Danish 
scientist, introduced this method of re- 
cording for copying high speed arc sys- 
tem signals. Since suitable amplifiers 
were not available then, the quality 
was bad. In 1924, Dr. Stille, a German 
engineer, began a thorough study and 
search of the possibilities of this form 
of recording. He soon found that steel 
tape offered better recording possibili- 
ties than wire. He thereupon devel- 
oped an electromagnetic system, re- 
sulting in a reduction of wave form 
distortion. Years brought on other de- 


WHAT NOW? a 


No one can predict what changes may have to be 


< es 
EF 


made in condensers, or what additional types may Atoms are smaller, more 


dependable, cost less. Avail- 


yet have to be eliminated to conserve vital materials cb!e in all ranges and in 


for War needs—BUT... 


The fact remains that Sprague jobbers can still 
supply Sprague Atom Midgets and EL prong-base 
dry electrolytics plus TC Paper Tubulars—and these 


many combinations. 


Sprague EL prong-base elec- 


three famous condenser types will handle practically _ tro! vtics are ideal for replac- 


any radio set replacement job, including replace- 
ment of most wet electrolytics. The size may 
be different, mounting might occasionally require 

some ingenvity—but you can count 


ing can drys and can wet 


electrolytics. 
+ ¢ a 


e on Sprague quality, and that’s the — tc’s Sememptteteonse 
all important thing. 


by-pass condenser need— 
efficiently and economically. 


A2 


velopments, until the stee] tape 

came suitable for broadcasting pur. 
poses, the first evidences of which 
came to light in 1932, when the Britis, 
Broadcasting System transmitted the 


Christmas Day speech of his Majesty 


the late King George V, by this Meth. | 
od. Today, the New York Telephone 


Company uses the steel tape System, 
Their method includes the use of a 
steel tape about 30 feet long, that 
passes across the poles of electro-mag. 
net at a rate of about a foot a second 
Speech currents produce a varying 
magnetism on the tape. os 

The quality and uniformity of the 
tape guide the results of the system 
Tungsten magnet steel is ofttimes the 
choice. of most, for it provides a mipj. 
mum of magnetic aging. This aging 
problem is one of the peculiarities thet 
is not present in the new method, ae. 
cording to the inventor. He says tha; 
his method affords the retaining of 
the recorded signals for years. In ag. 
dition, storing does not affect the 
quality or volume of the signal, a fea. 
ture that is not possessed completely 
by the steel tape. ; 

Both the steel wire and tape permit 
“erasing” of any recorded signal. Op 
the steel tape unit, the “erasing” js 
done with the same machine tha: 
records. In other words, the tape rides 
through a recording magnet and an 
“erasing” magnet. To “erase” it js 
only necessary to increase the mag. 
netic field, that neutralizes the heavy 
magnetic field and “erases” the mes- 
sage. A similar system is used on the 
steel wire. 

The messages impressed on the tape 
at the telephone company vary from 
25 to 38 words, with a level of 3 
words for an average. With the steel 
wire, thousands of words can be re- 
corded, says the inventor, and with 
fidelity that is reported to be as high 
as 5000 cycles. 

Disadvantages of the steel wire or 
any magnetic wire form of recording, 
in radio applications are that the re 
corded wire cannot be reproduced in 
quantities as in the case of transcrip. 
tion pressings. It is also difficult to 
spot the messages recorded, since 
there is no visible trace on the wire 
as the recordings are being made. Os 
cilloscopes and other visible methods 
are necessary. However, there ale 
many advantages too, in that it af- 
fords recording of hours and hours ol 
signals; it can be stored away in small 
containers; it does not age; properly 
packed, it will survive bombings and 
crashes and thus is of inestimable 
value for military and civilian records. 


THE ADVANTAGES AND DISAD- 
VANTAGES of various types of focus- 
ing and deflection methods used in 
television were effectively presented 
recently by B. J. Edwards before the 
Wireless Section of the Institution of 
Electrical Engineers, in London. He 
pointed out, for instance, that the ad- 
vantage of electro-static deflection 
was that it eliminated ion bum 
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ouble, while its disadvantages were ing has the advantage of affording a DOERR, the famous radio saxophon- 
ey higher cathode ray tube cost due greater focused beam current for a_ ist, for instance. 
. @.— > 


tc the in ( 
increased shrinkage. 


show’ 


creased cost of materials and given high voltage. 


He’s making tools now, in a ma- 
In addition he Disadvantages are that focusing chine shop in the East. Tools were 


ed that there is distortion due to may drift owing to change of magnetic always his hobby, so he’s back to 


non-uniform lens action between de- flux, which is due to heat. what he’s always loved, he says. 


flection plates. This 


plained that deflection potentials 


should be kept low, 


means, he ex- a . . . COLONEL DAVID SARNOFF, 
ew Cee president of RCA, recently addressed 
which in turn It’s strange where you'll find some’ graduates of Signal Corps at Camp 


eliminates the possibility of a short folks in time of war. Take CLYDE Murphy. Col. Sarnoff entered serv- 


cathode ray tu be. 


Another disadvan- | 


tage is that the time 
pase generators re- 
quire separate high 
voltage supplies. 
Magnetic deflec- 
tion, however, has 
many advantages, 
uch as lower cath- 
ode ray cost due to 
decreased material 
content and de- 
creased shrinkage. 
Also the distortion of 
the spot can be ar- 
ranged to be very 
small, even on a short 
cathode ray tube. 


The tube can be oper- | 


ated with the cath- 
ode grounded, there- 
by making d.c. con- 
nections possible. 
This system requires 
fewer tubes; permits 
the use of time base 
generators from or- 
dinary high voltage 
supply. Disadvan- 
tages of the system 
are that it requires a 
higher power for 
scanning and the ion 
burns are liable to 
show up on _ the 
screen, owing to the 
ions not being full 
deflected by the mag- 
netic field. 
Electrostatic fo- 
cusing is satisfactory, 
since it affords focus- 
ing that is not critical 
and therefore not 
liable to drift. But it 
has many disadvan- 
tages...suchas... 
ion spot concentra- 
tion into small area, 
causing intense burn, 
unless electrostatic 
deflection is used . . . 
high potentials re- 
quired for focusing 
and these are costly, 
since extra de-coup- 
ling and by-passing 
condensers are neces- 
sary, a highly insu- 
lated voltage divider 
IS required, and the 
power consumed by 
the voltage divider 
Causes loss of high 
voltage, thus requir- 
ing two high voltage 
smoothing condens- 
ers. Magnetic focus- 


HELL—AND HIGH WATER 


The HRO Receiver shown above was one of four in a building 
severely damaged by fire. The heat was so intense that it blistered 
paint and distorted Bakelite parts on all four receivers. Without 
any repairs, two of the four receivers tested normal in all respects 
except for some noise when tuning. This defect was eliminated by 
wiping soot from the rotor contacts. The remaining two HRO’s re- 
quired only minor resistor replacements, after which they likewise 
showed superb performance. 


Two HRO's being loaded on a ship were dropped into the salt 
water of the harbor when a loading sling broke. They were re- 
covered, and returned to us. One, without any repair or adjust- 
ment, showed performance that approached normal, except on 
one coil range which had an open circuit. The second receiver gave 
satisfactory performance on one coil rcnge, after that coil had 
been baked in an oven. In spite of the delays in shipment to us, salt 
water still dripped from the coils when the equipment was received at 
our plant. QIncidentally, we do not recommend this type of treatment. 


NATIONAL COMPANY 


MALDEN, MASS., U.S.A. 


ice on June 24, on special assign- 
Olmstead, 
c—_— & 
JOHNSON has been promoted to the 
post of advertising manager of Hy- 
. . R. J. BAHR, for- 
merly buyer for the receiver division 
of GE, is now purchasing agent for the 
radio and television department of 
G.E. ... ARTHUR L. NELSON, has 
been made chief engineer of the Kan- 
sas City division of Aircraft Acces- 
He was formerly 
..M. F. BAL- 
COM, vice-president and general man- 
ager of Hygrade Sylvania was re- 


ment of Major General 
Chief Signal Officer. . 


grade Sylvania. . 


sories Corporation. 
with Farnsworth. . 


cently elected vice-president of the 
RMA... . P. C. SANDRETTO, super- 
intendent of the United Air Lines’ com- 
munications laboratory in Chicago, has 
become a major in the Communica- 
tions Directorate of the Army Air 
Forces in Washington. .. . F. A. RAY, 
manager of the Musaphonic division 
since its inception was recently named 
eastern regional sales manager of the 
receiver division of GE at Bridgeport. 
... COLIN B. KENNEDY, pioneer 
radio man, died recently. When he 
died he was serving as a civilian ad- 
viser to the Army Signal Corps. 
—30- 
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It Shouldn't be Repaired 


But It 


MUST BE! 


What if the set IS ten or 
twelve years old—If it goes 
dead you still have to fix it. 
Even your customer might ad- 
mit “it’s ready for a new one”’ 
—if a new one could be 
bought! 


Mr. and Mrs. America are 
depending on their radios more 
than ever—and depending on 
you to keep ‘em playing. The 
only way you can handle your 
share of this tremendous 
volume is to work more effi- 
ciently use your Rider 
manuals more regularly. Stop 
spending valuable time trying 
to “guess out” servicing data 
—look it up in one of your 
thirteen volumes of Rider 
Manuals. If you don’t have 
all thirteen—better order to- 
day. 


RIDER MANUALS 


Volumes Xill to Vil......... $11.00 each 
Volumes VI to Ill. ......... 8.25 each 
Abridged Volumes | to V........ $12.50 


Automatic Record Changers and 
Recerderse.ccccccccccecccce 


FOR EARLY PUBLICATION 


“Inside the Vacuum Tube"“—complete ele- 
mentary explanation of fundamentals of 
vacuum tubes. 


JOHN F. RIDER 
Publisher, Inc. 
404 Fourth Ave., New York 


Export Division: 
Rocke-iInternational Elec. Corp. 
100 Varick Street, New York City 

Cable: ARLAB 


Af 
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The Cathode Ray Tube at Work... ...-ceesecccccccees $3.00 
Frequency Modulation. .....sseeeeececesceceeccecees 1.50 
Servicing by Signal Tracing... ...+seeeeeeececececeeece 3.00 


Meter at Work. ....ccccccccccccccecceseccsssescess 
Oscillator at Werk. .ccccccccccccccccccccccece “ 

Vacuum Tube Voltmeters 
AFC Systems. .ccccccccccccccccccccccccscccccsccece 


HOUR-A-DAY-WITH-RIDER SERIES—on “Alternating Currents in 


Radio Receivers"—on “Resonance & Alignment’—on “Auto- 
matic Volume Control"—on “D-C Voltage Distribution." 90c each 


JUST OUT! 


A-C CALCULATION CHARTS—Two to five times as fast as a slide 
rule—and more fool-proof. All direct reading—operative cver 
a frequency range of from 10 cycles to 1000 megacycies. 
160 pgs.—2 colors—9'4 x 12 in.— $7.50. 


YOU NEED RIDER MANUALS 


TO ‘CARRY ON” 


sired, by use of a rack and pinion sit. 
uated at the bottom of the plat 

; ‘ e 
holder. This rack is operated by a 
crank sealed within a flexible metallic 
bellows. The covered plate and holder 
are placed in the chamber which is 
then sealed by a rubber gasket. Turp. 
ing the crank moves the holder anq 
plate into the camera. The plate 
cover, however, is held Stationary go 
that the section of the plate within the 
camera, is uncovered. 

A second or auxiliary electron gun 
is mounted on the evacuated chamber 
so as to “shoot” a stream of low-veloc. 
ity electrons directly onto the surface 
of the specimen of metal under study 
An anode electrode, is mounted near 
this specimen to collect the secondary 
electrons. The electron gun serves a 
two-fold purpose: (1) allows observa. 
tion of the surface of the secondary 
electron-emitting material when yp. 
der “fire” of the electrons; (2) it has 
been discovered that specimens of ip. 
sulating material, such as mica, evi- 
dence a tendency to accumulate a 
static charge of electricity by reason 
of the effect of the electron beam. 

This static charge is wholly unde. 
sirable inasmuch as it tends to deflect 
or distort the electron ray, and thus 
interfere with scientific observations, 
If the specimen is a nonconductor, its 
grounding will not remove the charge 
of static electricity. The alternative is 
to control the intensity of the directly 
bombarding electrons from the auxil- 
iary electron gun, thus secondary elec- 
tron-emission may be produced of such 
sufficiency as to maintain the static 
potential of the study specimens at a 
low value. Thus, the accumulation of 
electrons from the primary gun, which 
tends to produce a negative charge on 
the specimen, is counteracted by an 
equal loss of secondary electrons, pro- 
duced by the impinging electrons from 
the auxiliary electron gun. 

The primary electron gun, while not 
subject to a straight-jacket of specifi- 
cations, may preferably consist of the 
following elements: A small tungsten 
wire cathode, a grid cylinder having 
an opening of about .030 of an inch, 
and a first anode cylinder of the same 
diameter, spaced .040 of an inch from 
the grid cylinder. 

The first anode cylinder, through 
which the electrons stream, contains 
three successive openings, the diam- 
eters of which are .0005, .020, and .030 
of an inch, respectively, in the order 
named, from the grid electrode. A 
second anode cylinder of the larger 
diameter and enclosing the cathode, 
grid, and first anode electrodes, and an 
accelerating cylinder (which is the 
main body of the evacuated chamber), 
complete the elements necessary for 
producing and focusing the primary 
electron beam. While the electrical 
connections are not illustrated in the 
diagrams, the inventor tells us that I! 
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is preferable to operate the cathode at 
a high negative potential, and the ac- 
celerating electrode (the main cham- 
per of the camera) at ground potential. 
Other negative potentials are applied 
to the anode and grid electrodes in the 
usual manner common to the science 
nics. 

Se ciel grid, and first anode, 
are mounted on a glass press, which is 
sealed to a brass ring (also support- 
ing the second anode cylinder.) The 
complete assembly is 
connected by a glass 
tube to a mounting 
ring or plate through 
suitable sealing agents 
_these effecting vacu- 
um-tight connections. 
The mounting ring or 
plate is sealed to the 
end plate, of the main 
vacuum chamber by 
use of a flexible bel- 
lows. This permits the 
position of the electron 
gun to be adjusted in 
such a manner that it 
“trains” the electron 
beam precisely on the 
opening in the dia- 
phragm. 

As shown in one of 
the illustrations the 
electron beam, after 
passing through the 
diaphragm, goes 
through a pair of op- 
positely disposed de- 
flecting electrodes, | 
which are connected to Mh 
suitable sources of d.c. Hi 
current. This potential 
is utilized to control 
the direction of the 
beam in the’ usual 
manner. The dia- 
phragm, like the “eye” 
of a conventional cam- 
era, sharpens the elec- | 
tron beam and chisels | 
off stray electrons. | 

The mounting for | 
the observation speci- 
men is graphically de- 
scribed in the dia- 
grams. This device is 
perched on a suitable 
opening in one side of | 
the camera chamber, | 
and is equipped with a 
rubber gasket for in- | 
suring a vacuum-ticht 
seal. The mounting 
element itself consists 
of a base plate, which | 
is screwed into the | 
camera chamber——sup- | 

| 


porting the other ele- | 
ments of the appara- 

tus. A piece of drill | 
rod is given Passage | 
through a central 
opening in the base 
Plate and is mounted 
therein on’ pivots for 
rotation by means of a 


SALVAGE 
COMMITTEE 2 
- SEND A TRUCK 
OVER To 73 AMPERE 
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limited freedom of movement, verti- 
cally. A portion of the outer end of 
the drill rod is bent at a small angle 
to the major axis of the rod to form a 
crank. The metallic bellows, previ- 
ously referred to, surrounds the outer 
portion of the rod. The outer end of 
the bellows is closed to form a vacu- 
um-tight seal. The inside of the bel- 
lows is soldered at a point to the base 
plate, thus forming a vacuum-tight 
seal around the crank rod. 


The portion of the specimen-sup- 
porting device which extends within 
the camera chamber, includes a sup- 
porting plate, which is pivotally sup- 
ported by the base plate. A horizon- 
tal adjusting screw is threaded into 
the plate and keyed for rotation with 
the inner end of the drill rod. One or 
more samples of metal which are to 
be subjected to study, are supported 
by the adjusting screw in any suitable 
way. For instance, an extension rod 


Besipe the general run of scrap metal found in most 


homes, hams usually have a fine assortment of old wire, 


aluminum, panels and chassis, as well as many other 


iron, stee! and brass gadgets, all of which can be turned 


into real active war material. . . . Do as Elmer has, "get 


in the scrap." 


HAMM 


ARLUND 


ball and socket bear- 
ing. This allows only 
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may be employed to support the speci- 
men in the electron path. It is noted 
that translational motion of the sam- 
ple in the direction of the vertical di- 
ameter of the camera chamber, is ob- 
tained by turning an adjustable thumb 
screw. The specimen may be rotated 
about a horizontal axis by turning the 
crank formed by the bent section of 
the bellows and the drill rod. One 
complete revolution of this crank will 
cause the study sample to move along 
the axis of the rod by a distance de- 
termined by the pitch of the horizontal 
adjusting screw. By mounting four 
specimens at oppositely positioned 
points about the axis of rotation, any 
one of the four may be selected for 
study, by rotating the crank. 
Additionally, the angle of incidence 
of the electron beam on the specimen, 
may also be adjusted by a slight twist 
of the crank. Different positions of 


the surface of the path of the speci- 
mens may be brought across the path 
of the electron ray, by rotating the 
crank continuously, until the adjust- 


AG 


ing screw has moved in or out the 
desired distance. 

If the illustrating sketch is not quite 
adequate, a few words of amplifying 
text about the camera shutter mech- 
anism, may not be amiss. Actually, 
the mechanism includes three distinct 
shutters at the rear—that is, toward 
the source of electrons—is a large 
shutter, which wholly shields the flu- 
orescent screen or photographic plate 
(whichever may be in use at the mo- 
ment). It is pivotally mounted on a 
rod which extends across the camera 
chamber at a distance somewhat be- 
low its horizontal diameter. Further- 
more, a pair of small shutters are sim- 
ilarly perched on a rod and are so 
shaped that either half of the fluores- 
cent screen or photographic plate may 
be shielded from the electron beam. 
The three shutters are equipped with 
spring-biasing means, for maintaining 
them in a normally vertical position, 
parallel to the fluorescent screen. 

To facilitate visual observation of 
the pattern produced by electrons 


MIDGET 
RADIOCOHMS 


Servicemen recognize the" plus-performance” 
that these sturdy controls give on every 
replacement job...Old Man Centralab’s good 
advice to “ALWAYS SPECIFY CENTRALAB” 
was never more timely than now... when 
it is so important to keep the “radio ears” of 
the nation properly tuned to the events of 
these critical moments in our history . . . For 
smooth, silent, sure attenuation . . . specify 
CENTRALAB MIDGET RADIOHMS. 


CENTRALAB: DIV. OF GLOBE-UNION INC. 


MILWAUKEE, WISCONSIN, U.S.A. 


Details of specimen holder. 


upon a surface, a small window has 
been provided in the camera chamber 
A mirror is mounted below this win. 
dow through which the inner surface 
of the shutter upon which fluorescent 
material has been purposely depos. 
ited, can be readily observed. 

It is a far cry—and a strange one. 
too—from an electronic camera and 
its gun bombarding millions of elec. 
trons, to the amplifying and broad. 
casting of the silent tread of filthy 
house flies—but such is the versatility 
of the science of electrons. ; 

—0- 


ORD? de Gy “a 
(Continued from page 20) | 


ground. Where a brass-pounder can 
rule the roost in his position and the 
college man hold his chair down in his 
setup. Each man for the spot wherein 
he fits best is our motto and lets keep 
the oldsters pounding brass not acting 
like an overgrown schoolboy with a 
slide-rule in his mit. 


ND another beef is the thought- 

lessness of the USO organizations 
in forgetting about the Radio Officers 
who are manning the ships making it 
possible to continue this war. These 
men are being forgotten when they 
land in port. After all, shouldn't these 
men who are risking their lives every 
day, getting themselves torpedoed, 
bombed, shelled and in many instances 
drowned, be given a little entertain 
ment and home-like atmosphere when 
they get ashore? We suggest that the 
USO open their doors to these met, 
too. So let’s go USO, give these boys 
a break; these boys who are “deliver 
ing the goods” to all our farflung fight 
ing fronts. Make them at home be 
cause it may be their last one. 


ROTHER A. B. ANDERSON, that 
will o’ the wisp, hither and thither 
delegate for the ROU finally advises 
us that he’s settin’ topside of this 
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“vale of tears.” 


the case. Just been busy 


in these times. ' 
ensconced in a nice 


“a ’ 


safe’ 


Especially, after what those % ;2/” cx! 
japs pulled on us at Pearl Harbor. 
Soooo0o being too old and ornery to 
enlist I upped and grabbed me an oil 
tanker. Things picked up, but fast 
along the Atlantic Coast. And believe 
me, Jerry, it’s anything but monoto- 
nous. What with those dern tin fish 
popping off all over the place! Of 
course, I can’t blame some of the boys 
for getting the jitters and quitting the 
sea. But there are many others who 
are taking their places with but one 
thought in mind . . . keep them sail- 
ing. I, personally, couldn’t be in a 
soft billet and cheer the boys who 
were facing the grief. So I hit the 
deck again. Well, OM, I’m sorry I 
can’t give you any real dope but no 
can name ships, ports or cargoes but 
if you don’t hear from me again cross 
another radiop off your list. Give my 
best 73 to all the boys on the West 
Coast and keep your fingers crossed. 
Andy. unquote. 


PROPOS of the above we find Karl 

Baarslag, Charlie Luck and a few 
others, officials of the CTU Marine Di- 
vision, doing their stuff at their chosen 
profession. Karl now holds a commis- 
sion in the Navy and is stationed in 
Washington, Charlie is holding down 
a “shack” in the Merchant Marine like 
Andy. Who said “all union officials 
are desk warmers and afraid to take 
chances?” “Tain’t so,” sez we. 


RAPEVINE report to the gang: 


After many months 
of wondering whatinell happened to 
him we received the following bon 
mot. Quote Hi OM, guess you thought 
I had forgotten you but such is not 
gadding 
about on the high seas trying to do 
my stuff as any seagoing op should 
Couldn’t see myself 
office act- 
ing like a stuffed shirt while the rest 
of the gang were out there giving. 


ob 
Chet Jordan, ACA official in San 
Pedro, Calif., is now a radio instructor 
at a school in Long Beach, Calif. We | 
hear he’s sticking to “straight radio” 
instruction. 

Murray Winocur, Vice President of 
ACA Marine Division, was reportedly 
removed from a vessel in a Gulf Port. 
Seems he got one of those notices sent 
out by the Navy telling him he could 
no longer sail on an American Flag 
vessel. So Murray hiked himself down 
to Washington where he beefed that 
he should not be persecuted for his 
“political beliefs.” But evidently the 
government did not agree with him. 
He is still 


prohibited from sailing 
on American ships. Which goes to 
prove ... 


Fred Howe, CTU Marine Division 
Official is reportedly looking for a gov- 
ernment job or else he'd like to relieve 


September, 19412 


the operator shortage. Noble idea, 
OM. Although his ticket is lapsed for 
these past years a new ticket can be 
had from your local RI just by pre- 
senting your old ticket. This new li- 
cense is a 2nd class rating and only 
good for the duration in Marine work. 

What’s happened to Freddie Ulrich ? 
Haven’t heard from him in over a 
year. Anyone knowing his where- 
abouts please advise... . 

And has Athan Cosmas gone through 
with his plans to get hitched with that 
certain YL, we'd like to know? 

Also, what about John Walker (not 
of the liquor family)? Last heard of 


ey 
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he was sailing one of Alcoas’ passenger 
wagons to the Caribbean. Wonder if 
one of Adolph’s tin fish caught up with 
him? Your friends would like to hear 
from you feller. So how about drop- 
ping ’em a line? 


ELL, now that we're in this fight 

to the finish just keep betting on 
ol’ Uncle Sammy to come out of the 
fracas on his two feet. So keep 07 
betting he'll win by buying war bonc:. 
keeping the ships sailing... and 
chins up. So cheerio and ge... 73 
reg 3 


Model 625 


Models 625 D.C. and 635 A.C. Portables 
are unequalled for today's rush in produc- 
tion testing or the rigid requirements of 
laboratory checking. These highly attrac- 
tive molded case instruments have long 
4.58” hand calibrated mirror scales. The 
hinged cover closes when instrument is 
not in use, for added protection. Black 
molded case for D.C. instruments; A.C. is 
red. Size is 6" x 5'5" x 2'5". Has detach- 
able leather strap handle. 
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Model 425 


Another new Portable combining attrac- 
tive symmetrical case proportions, a long 
readable scale, and requiring a minimum 
of bench space when in use. A real beauty 
in design for those preferring something 
different. Case and base are molded; base 
size 5" x4*,". Model 425 D.C. (3.12" hand 
calibrated mirror scale); Model 435 A.C. 
(2.88" hand calibrated mirror scale.) 


THE TRIPLETT ELECTRICAL INSTRUMENT CO. 


BLUFFTON, OHIO 
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ARE YOU UP-TO-DATE 
ON GLASS INSULATION? 


HERE fine performance is demand- 


ed, you'll find Pyrex brand Strain, | 
Entering, and other standard insulators, | 
For example, at KDKA (Fig. 1); in West- | 
inghouse 50-H.G. Transmitter (Fig. 2). | 


But that’s not all. New intricate shapes, new 
ranges in size and tolerance are now pos- 


sible through advanced glass manufactur- | 


ing techniques. Bushings, line spacers, 
coil forms, and anode bushing rings (all 
Fig. 3) are examples. Write Insulation 
Div., Corning Glass Works, Corning, N.Y. 


$ RATES 
w HIGH GLAS 
po you KNOW HO ERIAL? 


AS AN INSULATING mat 


High scratch 
hardness 


low thermal 
expansion 


" High dielectric 
strength 
Low dielectric 

constant 


High volume 
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Pyrex Insulators 
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“PY REX” is a registered trade-mark and indicates 
manufacture by Corning Glass Works. 
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Time-Signal Receiver 
(Continued from page 29) 


ter reception, the circuits throughout 
should be peaked at that particular 
frequency. 

The receiver, as shown, is housed in 
a black crackle cabinet, 7%4x11x7” in 
size. If standard relay rack mounting 
is desired, however, the parts arrange- 
ment can be modified to suit the 
builder and no difficulty from insta- 
bility or circuit interaction should be 
experienced as long as shielding of the 
revised layout is maintained to an 
equivalent degree. 

Standard, readily-available parts are 
used throughout and any necessary 
substitutions encountered due to short- 
ages should not materially alter the 
operation of the tuner. A slight devi- 
ation from specified electrical values 
is permissible in view of the fact that 
at such low frequencies such variations 
have comparatively little effect. 

To obtain optimum results with a 
minimum of tubes, experimentation 
was undertaken to determine the pos- 
sibility of incorporating regeneration 
into the second detector, thus elimi- 
nating the tube ordinarily required to 
develop local oscillation for beat-note 
reception of CW signals. The thought 
worked out well in practice, the only 
problem being that of adding a cathode 
“tickler” coil to L4. As was feared, 
available catalogues listed no inter- 
mediate transformers featuring a 


| third, or tickler, winding. 


Standard practice seems to call for 
a separate BFO circuit and tube but, 
undaunted, an attempt was made to 
add the missing winding to a standard 
iron-core I.F. transformer. 

Adding the tickler for regeneration 
was accomplished by pulling down the 
L4 unit and, midway between the pri- 
mary and secondary coils, winding on 


| ten turns of No. 28 or No. 30 cotton- 


covered wire. As one side of the new 
winding is common to one terminal of 
the secondary, or grid, winding, it is 


| necessary only to supply a mechan- 


ically-secure terminal connection for 
the cathode side of the added tickler. 
This can be left up to the ingenuity 
of the builder. Correct winding polar- 
ity should be observed, of course, or 
regeneration will not result. In prac- 
tice, the cathode section should be 
wound in the same direction as the 
secondary, or grid, winding. Scramble 
winding of the tickler is permissible, 
as long as the proper inductive rela- 
tion is maintained. Regeneration is 
controlled by R8, brought out on the 
right side of the cabinet. Adjustment, 
of course, is required only if the plate 
voltage should become considerably re- 
duced. 

It may be necessary to resort to cut- 
and-try methods in obtaining a suit- 
able L1 inductance. A standard two- 
millihenry radio frequency choke suf- 
fices for the secondary, or grid, coil, 
but some experimentation may be nec- 
essary to secure sufficient energy 


transfer from the primary, or antenna 
coil. This latter winding may congig 
of a choke of somewhat lesser induc. 
tance than the one employed for the 
secondary. It should, of Course, be 
brought into close inductive relation 
with the latter. In the receiver qe. 
scribed, a hand-wound primary gave 
highly satisfactory results. It is nee. 
essary only to devise a suitable form 
upon which to wind the goil Close 
alongside the secondary. It may be 
well to describe the particular cop. 
struction used in this case. 

A 1% -inch brass machine screw js 
run through the adequate Opening in 
the choke used for the secondary, 
Over the protruding *-inch is placeg 
a half-inch piece of fibre sleeving, or 
tubing. Anything will do, the idea be. 
ing to build up a suitable core, or 
form, upon which to wind the primary 
turns. At the outer edge of the sleey. 
ing, away from the choke, a circular 
piece of flat fibre is placed, after be. 
ing center-drilled to accommodate the 
screw. This disc should be of diam- 
eter equal to that of the choke cojj, 
The whole assembly then should be 

nade mechanically secure with judi- 
cious use of hardware. The finished 
transformer can be mounted on the 
chassis in a number of ways, keeping 
in mind that r.f. losses are compara- 
tively negligible at low frequencies. 


Bottom view of Receiver. 


Now, the winding, itself. On the 
form built up, wind at random a quan- 
tity of No. 28 or No. 30 cotton-covered 
wire, an amount sufficient to fill the 
space provided between the fibre disc 
and the secondary choke. Terminals 
should be provided for the various 
leads and the completed unit is ready 
for inclusion in the receiver. 

A six-pronged socket, with plug to 
match, is mounted on the rear of the 
cabinet and serves to provide means 
for supplying connections to furnish 
“B” voltage, 115-volt a.c. for the trans- 
former, and to take the audio from 
the set. No special arrangement of 
pin connections is necessary from the 
insulation standpoint, inasmuch as 
separation between adjoining pins is 
adequate for the voltages employed. 

A wire approximately one hundred 
feet in length, including lead-in, and 
placed well in the clear, will furnish 
plenty of signal pick-up at locations 
a few hundred miles from Annapolis. 
In Western Pennsylvania, an appre- 
ciably greater length of wire tends to 
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overloading of the second de- 


ns 

re peed At relatively great distances 
the from the Naval transmitter, an an- 
. he tenna several hundred feet in length 
‘tion would, no doubt, give an improved 
- de. signal-to-noise ratio, particularly if 


aerial’s directional properties 


the present and can cover areas up to 
and including several square miles. 

In metropolitan areas, the various 
buildings, such as hotels, movie houses, 


1942 EDITION 


The most complete and au- | 
thentic question and an- | 


swer manual on commer- 
cial radio operator license N E w L ° w . R P R ' c E s 


latest in Public Address equipment—a com- 
plete line plus pre-tested accessories. 


save the eet 
nec. could be utilized. At WCED, two hun- 
orm dred miles from Annapolis, the 113- 
‘lose kilocycle signal is so intense that 
y be merely grasping the antenna binding 
Con- st of the receiver will give pick-up 
sufficient to produce an audible sound. 
W is ~ Should the completed receiver be 
g in operated in close proximity to a broad- 
ary casting station of great power, that is, 
aced within a few hundred feet of the radi- The bomber must be built and the crew must be trained. 
, or ating towers, he as a ae bog in wer plonts and in training stations throughout America, 
j simple wavetré an- 
be. ee Pew ng tuned, of course, to the BOGEN CENTRALIZED SOUND SYSTEMS are helping to build 
. or ’ ’ ec, 
lary frequency of the interfering wave. the ships and train the men — expediting production, 
ey. —30- locating vital men instantly, issuing orders and automatic 
ular signals and alarms. May we tell you how? 
be- 
var Plant Sound 
he hs tinued from page 24) DAVID BOGEN CO., INC. 
7. 34 ‘Oo D 
coil satuae wens wil pag 663 BROADWAY, . 
| be : NEW YORK CITY cay, - — 
udi- to such a problem would be to in- L 
shed stall separate Public Address _net- = 
the works, each covering a portion of the ; 
din area and operated either locally or (ho NEW CATALOG 
A. from some main control room. Large ve A D | 0 0 p J & AT 0 K S’ 
S, sound projectors operated from high- L | c E N S E AE A N U A L | OF SOUND AMPLIFYING SYSTEMS 
powered amplifiers are being used at | AUDIOGRAPH Sound Systems represent the 


etc., should have separate networks examinations. 1297 ques- | | | Outstanding quality and performance at 
controlled from their main office. tions and answers, 230 


One cannot stress sufficiently the 
importance of protecting our men, 


women and children from this immi- desertetive elveuter, A U 9 t re) G R A P H 


nent danger. Let’s act now to fore- 
iia ~aeee WAYNE MILLER 
stall disaster and tragedy. ene thesth Getta Of. cuscaee THE FIRST NAME IN souND 
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pages of vital information prices that help you meet any competition. 
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for radio operator license 
candidates. WRITE FOR YOUR FREE COPY 


$3.00 Postpaid or write for 


Modern Tone Control 
(Continued from page 15) MODEL 
the 220 ~68SIGNAL GENERATOR 
jan- amplifier tube. 
red At some intermediate frequency (f WITH FIVE STEPS OF 
the in Fig. 10), the net impedance of each SINE-WAVE AUDIO 
dise chan is suc ail Nees acca aia 
: é nel is such that we get a max! SPECIFICATIONS: 
als mum voltage developed across R2. It 1. Combination R.F. and A.F. Signal Gen- 
ous is at this frequency that the channel crator, R.F.—100 K.C. to 90 Megacycles, 
ady gives maximum output. A.F.—200 to 7500 cycles; Sine-Wave, — 
fre mecca en ea WITH OUTPUT OF OVER | VOLT. All 
utstanding design feature is the direct reading, all by front panel switch 
to fact that the voltage output of one manipulation. 
the channel can be changed without ap- + ie Siw Ces SD See Se 
. j blv affecti - tainable, alone or with A.F. (any fre- 
ans Preciably affecting the signal output quency) modulating R.F. 
ish levels of the other channels. 3. Latest design full-range attenuator used 
ins- The general output level for all fre- a er eos either the pure or modu- 
e » a He a a 7 ica " ate Fe 
= —— is governe d by the se tting of 4. Accuracy is within 1% on 1.F. and broad- 
0 the master gain control preceding the cast bands: 2% on higher frequencics. 
the channels. The potentiometers in each 5. Giant dial etched directly on front panel, 
as chann > using a new mechanically perfected drive 
b- . el then become tone controls, for perfect vernier control. 
; is each controlling the strength of defi- 6. Operates on 0 to 130 V. A.C. or D.C. 
d. nite bands of audio frequencies. When tony Sequensps. 
red all tone controls are set at the same The Mode! 1230 commen complete with tubes, shickded cables, molded cartying @ ss 
and Position, the over-all response is per- a - reared —— racine we — 
jish fectly flat. 
ons Ree: lowest peak frequency (f) em- | 
lis. Ployed in a sixteen-channel unit is 15 | M 227 Fulton St., Dept. RN-9 
re- cycles. Each succeeding channel has | SUPERIOR INSTRUMENTS CO. ae ve a 
to a peak value about 1.6 times that of | 
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The name is new 
...the Purpose 
is not Changed. 


chang 


voted fo - 
yan 
"y 


the come’ 


S of July 30, 1942, the Hygrade 
Sylvania Corporation became 
Sylvania Electric Products Inc. 


Needless to say, the change is one 
in name only. 


There is no change in the high 
quality of our products, no turning 
from our purpose to bring forth 
the finest lighting and radio equip- 
ment our skill and experience can 
create. 


And that means we will continue 
to provide you with an incompar- 
able line of radio 
tubes, backed by all 
the technical assis- 
tance and promo- 
tional help you need 
to do a first-rate 
selling job. 


SYLVANIA 


ELECTRIC PRODUCTS INC. 
formerly 


HYGRADE SYLVANIA CORPORATION 


Emporium, Pa. 


SYLVANIA 


RADIO TUBE 
DIVISION 


Also makers of Incandescent Lamps, 
Fluorescent Lamps and Fixtures 
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the preceding value, making the other 
fifteen peak values 23, 37, 60, 96, 154, 
245, 394, 630, 1,000, 1,600, 2,500, 4,100, 
6,550, 10,300, and 16,480 cycles respec- 
tively. The overlapping responses 
give smooth control between these 
peak frequencies, with a maximum 
possible variation of about 5 db. from 
one channel to the next. 

The overlap, combined with the 
width of the response curve for each 
channel, makes it impossible to cut 


| out a frequency completely with one 


| control. 


Thus, for complete suppres- 
sion of the response at 15 cycles, the 
first six tone controls would have to 
be set at zero. This would drop the 
response at 15 cycles to 30 db. below 


| the original level, which is just about 


complete suppression from a practical 


| standpoint. 


| of 


The latest model of the Tonalizer 
uses an ingenious system of levers to 
rotate the potentiometers in the chan- 
nel controls. The levers project from 
the front panel, and their positions 
with respect to each other actually 
trace out the over-all response curve 
which the unit is giving. A rear view 
of this model is shown in Fig. 11, and 
the front panel can be seen in Fig. 8. 
A front view of a 16-channel Tonalizer 
using ordinary control knobs is shown 


| at the beginning of the article. 


Fidelity and stability are just two 

the outstanding problems which 
have been successfully solved in the 
final design. Neither amplitude nor 
frequency distortion are introduced— 
an essential requirement in any in- 
strument which is to correct and check 
fidelity. Stability and simplicity of 
operation are such that the unit can 
be reset accurately to any particular 
type of response. 


Applications 

To determine the over-all response 
of an a.f. amplifier with the aid of the 
Tonalizer, connect the unit between a 
constant-voltage, variable-frequency 
a.f. signal generator and the input of 
the amplifier being tested. The tone 
control levers or knobs are then ad- 
justed until the output of the amplifier 
is the same at all frequencies. The 
settings of the sixteen tone controls 
now represent the response at-the six- 
teen peak frequencies. From this in- 
formation, the response curve can be 
plotted, and R-C equalizer circuits can 
readily be designed and inserted in the 
amplifier circuit to give it a flat re- 
sponse or to change the response in 
any desired manner. 

In a similar manner, the response 
curves of microphones, loudspeakers 
and phonograph pick-ups can be deter- 
mined, using a supplementary high- 
quality a.f. amplifier. 

The response of a theater sound sys- 
tem can be adjusted accurately by in- 
troducing the Tonalizer into the af. 
system, then setting the control levers 
to give the desired tone balance as de- 
termined by listening in the audience 
when the show is running. From the 
control settings, the required compen- 
sation can be calculated and the neces- 


sary equalizer can be inserted the nex; 
morning when the show isn’t running 
with assurance that results of the 
previous evening will be duplicated. 

The Tonalizer has been used SUCCess. 
fully for trouble-shooting in man 
large p.a. systems. In one Particularly 
interesting job, a permanent p.a. in- 
stallation in a church having very 
poor acoustics, five technicians haq 
tried in turn without success to pro- 
duce results acceptable to the church 
directors. All used high-quality equip. 
ment having flat electrical response. 
Tests with the Tonalizer showed, how. 
ever, that this location required a rise 
of about 20 db in response between 59 
and 5000 cycles to offset the acoustic 
conditions of the church and make the 
system seem flat to listeners. When 
R-C equalizers were inserted in the 
church amplifier to duplicate the 
Tonalizer settings, fidelity was so nat- 
ural that listeners could scarcely tel] 
whether or not the p.a. system was 
turned on. 
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Dise Recording 
(Continued from page 19) 


effect. This may be achieved either 
by suitable networks at the input or 
in some part of the electrical system 
within the amplifier. Fig. 4B illus- 
trates a suitable network for high- 
impedance pickup where the amplifier 
volume control is of 50,000 or 100,000 
ohms resistance. In no case should the 
resistance be less than 50,000 ohms. 

For those wishing flexibility for di- 
rect control of the amount of bass- 
boost, resistors R3 and R4 can be made 
variable. Be sure that these are com- 
pletely shielded to prevent hum pick- 
up. Condenser C should be of good 
grade, preferably enclosed in a metal- 
lic tube or inserted into braided cop- 
per shielding—the latter being 
grounded. 

Most professionals use a low-imped- 
ance magnetic pickup. Suitable input 
networks are shown in Fig. 5. For 
best results, the gain control should be 
equal to the rated impedance of the 
pickup. The control should, prefer- 
ably, be of a type that contains a con- 
stant load for the pickup on one side 
and the transformer on the other, such 
as a “T” pad, or the like. 

With the control in the primary as 
shown in Fig. 5A, the load on the sec- 
ondary, if there be any, should not be 
less than 150,000 ohms. The so-called 
“Ouncer” transformers are suited 
ideally for this application. If the 
amplifier is already provided with an 
input gain control, it should be re- 
moved. The transformer secondary 
should connect directly to the first grid. 
Fig. 5B shows connections for using 
low-impedance pickups where addi- 
tional bass-boost is desired. The vol- 
ume control should match the imped- 
ance of the pickup in all cases. When 
connected as shown, the load on the 
secondary should not be less than 
150,000 ohms. 
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Shielding is not critical with low 
jmpedance pickups except from the 
output of the matching transformer 
to the grid of the first tube. Suitable 
resistance and capacity values are 
given for 200 ohm and 500 ohm pick- 
ups. These are the values most com- 
monly used. 

The introduction of filter networks 
usually results in a loss of voltage en- 
tering the amplifier. As a rule, high- 
grade pickups require a greater am- 
plifier gain than do the more inexpen- 
sive types. This also holds true for 
crystal units. Consequently more gain 
must be provided in the reproducing 
amplifier to compensate for lower in- 
put voltages when using high-quality 
pickups. 

In conclusion it should be remem- 
bered that a great amount of force is 
required to swing a reproducing stylus 
at high frequencies. The hardness of 
the disc material and the coupling be- 
tween the groove and stylus is not 
sufficient to allow the faithful excur- 
sions over the contours of the groove. 
This “coupling” is added to the design 
of the pickup illustrated with the re- 
sult that the stylus is able to follow 
the peaks within the grooves with 
greater accuracy and is able to avoid 
many of the short cuts around the 
peak modulation engraving. Because 
of the finite size and the use of the 
burnished edge on the recording sty- 
lus, a deterioration takes place of the 
wave shape with the consequent loss 
of high-frequency response. This loss 
of high-frequencies is known as “‘trans- 
lation loss.”” The vibratory systems of 
some reproducers set up a resonant 
condition—depending also upon the 
disc material. On many of the softer 
discs, this resonant frequency may fall 
within the range of the reproducer. 
Naturally this is something to avoid 
and high grade pickups are designed 
to do away with this condition. 

Gone are the days of the old mas- 
sive reproducer and its steel needle 
for transcription work. The trend is 
to light needle pressure and the use 
of sapphire or diamond styli mounted 
permanently or used separately in 
highly efficient reproducers. 

Next month we will discuss the mag- 
netic cutter and show many suitable 
circuits for correct applications. 

(To Be Continued) 


Eavesdropping by Army 
(Continued from page 10) 


outfits never send. They always lis- 
ten, to both friendly and enemy trans- 
mitters. Monitoring American army 
operators serve the purpose of check- 
ing to make sure no one is sending 
Straight messages which should be 
coded for secrecy, and keeping them 
on assigned frequencies. 

If supposedly secret messages reach 
the air uncoded, the offending outfit 
soon hears from its commander. Coded 
messages, whether Italian, German or 
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Japanese, are passed on to intelligence 
authorities for decoding. 

How the radio locators are con- 
structed and operated constitutes one 
of the army’s most closely guarded 
secrets. Without the semi-portable in- 
tercepting equipment, and the direc- 
tion finders, which may be picked up 
and moved at the drop of a hat, Amer- 
ican troops could be spied upon and 
their movements reported to enemy 
headquarters if their front line trans- 
mitters were allowed to continue to 


operate. 


As it is, only a few minutes elapse 
after first pickup of the signals until 
the little black threads mark out the 
location and action is taken to silence 
the enemy’s aerial voice. 

—- 


U. S. ARMY SIGNAL CORPS 
ISSUE COMING FOR 
NOVEMBER 


Don't Miss It! 


RADIO EXPERTS 


* by owners of home sets for service and 


repair work! 


* by broadcasting stations, police departments, 


air lines, public address system operators, etc. ! 


* by U.S. Armed Forces, which give higher 


rating and pay to trained radio experts! 


YOU can become a trained radio technician—NOW! 


HEN your Uncle Sam said, ‘‘No more 

new radio sets for civilians!’’, it meant 
increased opportunity for trained ra- 
dio technicians to make big money— 
servicing and repairing radios that would 
normally be “junked.”’ 

When your Uncle Sam said, “‘We’re 
going to blast the living daylights out 
of the Fascist rats!’’, it meant that both 
the Army and Navy needed (and still 
need) trained radio technicians—who 
get higher ratings, higher rank, and 
are much Aigher paid! 


In addition, radio stations, air lines, 
police departments and other civilian 
enterprises still employ many thousands 
of radio technicians at good salaries— 
and when the war is won, television will 
probably make radio a new ‘“‘boom 
industry”’! 

So now’s the time to mail this coupon, 
and learn how quickly a low-cost I. C.S. 
Radio Course can fit you for Success 
and Prosperity in this golden field of 
opportunities! 

Thousands of I. C. S. Radio Course 
graduates are today earning real money 
—because their careers were founded on 


INTERNATIONAL 


CORRESPONDENCE 


sound, practical, up-to-date I. C. S. 
training. IT IS NOT TOO LATE FOR YOU 
TO FOLLOW THEIR EXAMPLE! 


& s 
© FREE information on low- x 
@ cost 1.C.S. Radio Courses if @ 
~ you mail this coupon at once! - 


© EARNINGS INCREASED 50%! “Very 
largely as a result of I. C. S. training 
and your fine recommendation, I am 
now Engineer for the Pape Broadcastin 
Company operating Station WALA. f 
am earning more than 50% over what 
I made on the old job.” 


Herman L. Kramm, Mobile, Alabama 


® HEAD OF SERVICE DEPT. “As a re- 
sult of completing your course, I am 
employed as head of Service Depart- 
ment for M Bros., Inc. I strongly 
urge any one considering a radio career 
to enroll now for the I. C. S. Course.” 


Thornton Hogley, Danville, Illinois 


@ COMPLETE AND INFORMATIVE! “I 

cannot praise your fine Radio Course 

enouzwh. It was even more complete and 

informative than I expected.” 

W. H. Humphrey, Jr., Chief Engineer, 
Police Radio, Wilmington, N. C. 


MARK AND MAIL THIS COUPON NOW! 


SCHOOLS 


C) GENERAL RADIO 


Box 8280-X, Scranton, Penna. 


Explain fully about your course in the subject marked X: 


[) SOUND TECHNICIAN 


[) RADIO OPERATING ~) SOUND-PICTURE 

[) PRACTICAL RADIO SERVICING PROJECTIONIST 
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are built for long 
trouble-free serv 


Send for FREE Ohmite 
Stock-Unit Catalog 
No. 18. Very handy 
for quick reference. 


The extras built into Ohmite Re- 
sistance Units make them elec- 
trically and physically fit for the 
toughest service. Ohmite units, 
for instance, were on the planes 
that bombed Tokyo. They're 
widely used in ships and tanks, 
too—in communications and 
electronic equipment—in re- 
search and production—in train- 
ing centers and industrial plants. 
It's well worth remembering, 
when you build original equip- 
ment or make vital replace- 
ments—today and tomorrow. 


Send 10c for handy Ohmite Ohm's 

Law Calculator. Helps you figure 

ohms, watts, volts, amperes—quickly, 
easily. 


OHMITE MANUFACTURING COMPANY 
4885 Flournoy Street, Chicago, U.S. A. 
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Rheostats -Resistors 
Tap Switches 


For the Record 
(Continued from page 4) 


R.A.F. Issue of FLYING 

NE of our sister publications, Fly- 

ing and Popular Aviation, has 
just gone to press with a sensational 
coverage of the activities of the Royal 
Air Force. Of particular interest to 
you radiomen will be the feature, 
“Signals.” It tells the complete story 
of radio activities in the fighting force 
of the R.A.F. It is profusely illus- 
trated with several equipment shots 
and we note a great resemblance to 
our own American radio sets. Radio 
is one of the prime factors which has 
made possible the coordinated bomb- 
ing missions over enemy territories. 
Without it, such coordination would 
be impossible. We pass this info along 
to you ops, knowing that you are vi- 
tally interested in radio as it is used 
by our Allies. 


Distinguished Visitors 
URING the past month, we have 
had the pleasure of being hosts to 
several outstanding celebrities. Among 
these have been Col. C. N. Sawyer, 
Signal Officer, Sixth Corps Area and 
Col. Arthur I. Ennis, Chief, Public Re- 
lations U. S. Army Air Forces. Both 
of these gentlemen are fully aware of 
the importance of radio communica- 
tions in our war effort and we were 
able to learn much from our inter- 
esting conversations with them. They 
are typical of the type of men under 
whose guidance lies the destiny of our 
highly efficient military machine. 
Other visitors have been Gene Au- 
try, famous radio and screen cowboy 
and idol of thousands of young folks; 
Squadron Leader Ben Travers, Secur- 
ity Officer representing the R.A.F. in 
Washington and Albert Spenser All- 
berry, Assistant Press Officer of the 
Air Ministry in London, who flew over 
in a bomber from Scotland for the ex- 
press purpose of writing for the R.A.F. 
Issue of Flying, described above ... 
only to mention a few. 


A Workable Plan 

N London, you can use your old set 

in part exchange for a new one. 
New models are being released for 
sale when an old set is taken in part 
exchange. This old equipment will be 
overhauled and offered for sale in due 
course, say published sales cards, and 
guaranteed to operate perfectly. This 
policy will ensure continuity of supply, 
continues this sales message. This is 
a plan that will probably be adopted 
here when the dealers’ shelves begin 
to empty out. In many communities 
in the rural areas, where stocks never 
were too heavy, this trade-in practice 
will probably be adopted sooner than 
we felt. This method is unlike the 
standard practice of simply bringing 
in a set and receiving an attractive 
price on a new one. For, in practically 
all cases, you could buy a new set at 
the same attractive price, whether or 


not you brought in an old set. Today 
however, the old receiver becomes ay, 
important factor, not as a medium of 
price barter, but rather as a Medium 
of trade necessity. Today, your old 
receiver has a definite value... and 
purpose. 


Pass This on to Your Customer, 
EF M. receiver owners are having 

quite a time in tracking down 4. 
pole antennae so essential to the suc. 
cessful operation of F.M. units. Since 
they are made of aluminum, seamless 
tubing or hardened copper... aj 
metals that have become precious to. 
day ... practically none are being 
made. And those that are being made 
or are now available are for some rea. 
son or other unusually costly. There 
are, of course, several sources of sup- 
ply from whom nominal cost dipoles 
are available, but unfortunately, those 
sources of supply are quite meagre. 
Accordingly, an associated group of 
F.M. broadcasters have issued a re. 
lease explaining how to construct one 
of these dipoles from practically odds 
and ends around the house. The in. 
formation is so complete that it’s be- 
ing offered to you. 

Here’s what they say... “What 
you need, first-off, is two short lengths 
of copper wire, of as heavy gauge as 
possible (212 is nice; 210 is better), 
three glass or porcelain insulators, 
some twisted lampcord and a bit of 
rope. Also if you have a soldering iron 
around the house, bring it out and heat 
it up. . . . To begin, you take one of 
your insulators, and to each end of it, 
fasten a piece of copper wire. This 
insulator will form the center of the 
dipole. Measure out 51%’ along each 
piece of wire, then attach another in- 
sulator at the end of each of these 
wires (being careful when you cut 
them to allow enough extra wire for 
twisting around the end insulators). 
You should now have two pieces of 
wire of identical length, each measur- 
ing 512’ from the center holes of the 
insulators and separated in the middle 
by a single insulator. . . . To each of 
the wires, which form the two halves 
of your dipole, you should now fasten 
the feedline which is to run down to 
the receiver. Get enough of the two- 
wire twisted lampcord to reach from 
the place where you intend to hang 
your dipole to the set. . . . Now, un- 
ravel one end of your twisted lamp- 
cord for about 8”. Bare each of the 
wires for maybe 2”, being sure to 
scrape them clean. Then scrape the 
copper dipole wires on either side and 
right next to the center insulator. To 
each side attach one half of the lamp- 
cord, soldering it cleanly if you have 4 
soldering iron. In any event, make 
the joint tight, and wrap it with tire 
or adhesive tape, so that corrosion can- 
not eventually weaken the connection. 

The dipole is now ready for hanging. 
Hang it from the end insulators with 
rope, attached between two suitable 
supports such as trees, house and tree, 
etc., taking care to keep the dipole out 
in the clear. It is not advisable to 
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use wire for this support. Rope is best 
pecause at the u-h-f on which F.M. 
stations operate, any supporting wires 
might absorb so much of the collected 
energy that the dipole would not be 
efficient. The antenna should be hung 
out in the clear, and facing broadside 
to whatever stations are to be heard. 
If the stations are located in several 
directions, turn the antenna toward 
the ones that are normally weakest. 
Take care to see that the dipole doesn’t 
sag excessively in the middle and that 
your feedline travels away from it at 
right angles for at least six feet. Don’t 
run the feedline toward the receiver 
through metal conduits or under any 
metal gutters. Avoid, too, any large 
bodies of metal like tin roofs or water 
tanks. And don’t run the feedline 
parallel to water or gas pipes. 

It is not always necessary to install 
the dipole outdoors. Excellent results 
may often be attained if you live in a 
frame house by supporting it inside 
the attic. Some dipoles are sometimes 
even mounted on wall moldings di- 
rectly above the receiver. 


Air Raid Devices Cireular 
6eMEVICES for Air Raid Warn- 
ings” is the title of a circular 
letter prepared by the U. S. Depart- 
ment of Commerce, National Bureau 
of Standards, Washington, D. C., that 
should be read by every research and 
developmental engineer and manufac- 
turer. An unusual collection of data 


covering such topics as frequency, 
quality of sound, loudness, ease of 
coding signal, type of device, effects 
of weather, directional characteristics 
and sound intensity measurements, 
are presented and analyzed _thor- 
oughly. Types of air raid warning 
devices made by various companies, of 
which there are a dozen, are discussed 
in a frank and deliberate manner. The 
bands the devices cover and their re- 
spective levels in decibels are shown. 
In those instances where air is used, 
signal strength and air consumption 
are shown for the various sizes made. 
If you’re in the business, and need per- 
tinent data on this vital subject, be 
sure and locate a copy of this letter 
immediately. It’s known as circular 
letter LC-865. 


Amateurs—Take Note! 

UNDREDS of small sea craft 

were called into service recently 
to provide a variety of off-shore to 
shore contacts. Unfortunately, all of 
these boats were not equipped with 
radio, and thus a call went out for all 
types of low powered transmitters. In 
the East, many amateurs loaded their 
transmitters into cars, busses and 
what have you, and brought them to 
the local quarters, where Uncle Sam 
paid a nominal price for them. The 
need for transmitters and other ama- 
teur equipment for other military and 
civilian defense activities is also acute. 
Every amateur is urged to visit his 


local command and offer what he can 
. . . and as quickly as he can. Don't 
delay! 


E have just returned from our 

vacation where we had the op- 
portunity of visiting many radio men 
now in the services of Uncle Sam. 
They are all eagerly awaiting the post- 
war radio period and many of them 
are extremely anxious to find their 
place in the radio industry upon their 
return to civilian life. They all agree 
that the future of radio appears very 
bright and the consensus of opinion 
seems to indicate that the “electronic 
age” will revolutionize many of our 
daily habits. We agree with them. 
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KEEPS THE PUBLIC 
INFORMED. 
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“Keep ’em playing!” 


RAD 


tubes, cathode-ray and television applications 


A Complete Basic 
Radio Training for 
pre-enlistment or 
pre-induction 
preparation for 
the ARMED 
FORCES, for 
SERVICE WORK, 
INDUSTRY AND 


or military. 


Brownsville, Texas. 


HOME in spare time 
wih GHIRARDI’S world-famous 
RADIO PHYSICS COURSE 


Easy as A-B-C. All in ONE big, 972-page book, the most complete, 
most highly praised radio training text published 
making good money in important radio jobs, in industry, thousan 1s 
more now in the radio divisions of our armed forces, got their basic 
training in Electricity, Sound, Radio and Television from this famous 
book that explains step-by-step, everything from simple fundamentals 
of sound and electricity right through the entire field of radio, photo 


-, GIVES YOU COMPLETE BASIC TRAINING 
for EVERY branch of radio work 
aviation, broadcasting, electronics, publi 
address, radio manufacturing 


**We find your book by far the best of 20 or 
more we have tried, both for beginners, and 
for those who know something about radio. 
Student praise of it is the highest.’’ —F a 
Bailey, Chief Engr., Radio Operators School, 


Thousands now 
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F Altred G. Ghirard: 
World-famous authority on radio tm- 
struction. For 10 years chief ratio 
instructor of a leading technical 
schoo!. His books are written so clearly 
and understandably that radio men 
the world over have only the highest 
praise and recommendation for them 


in industry 


BROADCASTING. 
972 Pages—508 
Illustrations! 


MORE GHIRARDI BOOKS TO HELP YOU LE 


Complete Training In 


Broadcasting systems 
Electric Current 

Electromagnetism 
Instruments 
struction . V. T. Detector and Amplifier Action 


Sound, Music Electron Theory, 
. Ohm's Law Elec. Circuits, Batteries . . 
Inductance Condensers Filters 
Receiving V. T. Characteristics and Con- 
“Super- 


hets” .. . R. F. Amplifiers Lou Ispeakers Battery Re- 
celvers P Power Supply Units Auto and Aircraft Radio 
I hono Pickups, Public Address Short Waves Phototubes, 


elevision Pesting: Servicing Sound Pictures 


GET EXTRA PAY IN ARMY & NAVY 


Prepare now in advance of induction or enlistment. Radio 
knowledge gets you quick promotion, extra pay, more in- 
teresting duty. Learn at home from the very same text used 
and praised so highly by instructors of the Signal Corps, 
Air Corps, Navy, Coast Guard, ESMDT and leading 
civilian radio schools. 


September, 1942 


New 2nd Ed. Radio Troubleshooter’s Handbook 


Ghirardi’s famous on-the-job servicing data handbook. Brand new 

710-page manual size edition; 400 pages of new charts, tables and 

data never before published. Servicemen say: “Saves up to 25% of 

time taken to locate troubles."’ Pays for itself first day. Only $5 00 
5 


nm 


ar : SS 


MONEY-SAVING 
COMBINATION 


OFFER: 


These two great books 


Modern Radio Servicing 


Ghirardi’s tamous big 1300-page How-To-Do-It home-training 


—Medern Gadic Serv- course in radio repair work. All about Test Instruments, Trouble- 
icing and Radio Trou- shooting, Adjusting, repairing all makes of receivers 700 $5 
bleshooter’s Handbook illustrations an! diagrams, make learning at home easy. Only 


together—for onty 
$950. escoccccnssossess® 


’ . 
MAIL SOW neeecnsnsceooonneeans CO., Dept. RNS2 
as ace , ‘ 
teapte ~ TECHNICAL — i 5-day trial). ! understand irene 
5 Days to Con- s on 9-1 i recets 


45 Astor Place, Ne Ue aks J have checker 


5 ys ane 
them at the end of the > days ¢ 


vince Yourself! 
Send al once for 
GHIRARDI'S 
RADIOPHYSICS 


¥nclosed » return 
Ee on fully satisfied I may 
am ne 


urse $5.00 ($5.50 Forsien $5.00 (35-50 Foreig®™) 


back ics Co Handb 
Radio Phys oubleshooter s Foreign) al Monmey~ 
f) Revised —— Servicing | tan (s8.5° Servicing 


at Speci 


COURSE for a 5- 0 Modern d Mo 0 Foreig™) 
day trial examination. = The Handbook ee Price $9.50 ($10.5 ; 
If you don't agree that ; Saving Combina ageneanoneete™™ 


© Rush free ui 
NAME = age o® 
ADDRESS.. 
city 


this book wil! give you 

the knowledge you are 
seeking, relurn *t. Your 
money refunded uncon- 
dilionally. 
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SAVE MONEY on— 


CABINETS, RECORDERS, 
CHANGERS, and RADIO PARTS 


OXFORD TYPE PD. A hand- 


beautiful 
rubbed, piano-finished cabinet. Made of five- 
eighths stock. Rose Mahogany and Walnut. 


A real piece of furniture 33” §95 


high, 32” long, 17" deep. Phono 
compartment 31 x 15 x 6” 


“LAKE SPECIAL” CHANGER-RECORDER 
Magnetic cutting head, crystal pickup. 1% 
ounce needle pressure. 14” wide, 14° long, 
5” high above board. 3” depth below board. 
78 RPM. Records on discs up to 10” in diam- 
eter. Plays all records. Self-starting dynamic- 
ally balanced induction motor. Enables you to 
build a combination recorder and_record- 
changer in a single unit. 
errr 


Deluxe Changer 


Ideal for small cab- 
inets. Only 12” x 13” 
x 44%" high. Plays 
10 12” or 12 10’ 
records. Crystal pick- 
up, offset record sus- 
Pension, reject 1 


switch, smooth 
ACTION... wee eee 


1942 “Velvet Action’”’ Record Change, 
Plays 10 12” or 12 10” records. 14” by 14° 
by 5” high. Crystal pickup. Reject switch— 
automatic or manual change—two point rec- 
ord suspension. 115 volt, 60 
cycle. Only 7 seconds to change $] 695 
records. Easy to install........ 
Victory Special... — ... —V 

NATIONALLY-KNOWN, HEAVY 
DUTY MOTOR. Silent, dependable, in- 
duction type, self-starting motor; 9” turn- 


table, 78 RPM. Enclosed gears. $465 


For 110 v. 60 c. $11.50 List. 
RT MNS obey wiwescesensese 


New Bargain Bulletin Arouses Na- 
tion! Gigantic money saving values 
help Servicemen, Jobbers, Radio 
Dealers and Sound Men... Everyone 
can save money and help “Keep ’Em 
Listening”... Everybody can improve 
their business this easy, money saving 
way. A new cabinet or a new com- 
bination radio and phonograph will 
help make any home a better place to 
live in. We also save you money on 
all radio parts. SEND NOW FOR 
NEW FREE BULLETIN. 


LAKE RADIO SALES CO. 


615 W. Randolph St. Chicago 
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numbers of turns, placed near it as 
shown at (C). The bucking coil is so 
connected that its magnetic effect 
equals and opposes that of the main 
field. 

If the coil does not contain very 
many turns of wire, a condition of lit- 
tle or no _ self-inductance can be 
achieved by winding the wire on a very 
thin supporting form of insulating ma- 
terial as illustrated at (D). Sucha 
coil is practically non-inductive be- 
cause the opposite sides of each turn 
of wire lie so close together that their 
magnetic fields, produced by current 
flowing in opposite directions, neutral- 
ize each other. The sketch of one turn 
at (£) illustrates the directions of the 
current flow in each half. This is a 
simple, practical way of winding non- 
inductive resistors, extensively used 
when space permits. It also presents 
considerable surface area for cooling 
the resistance wire. 


Series and Parallel Inductances 


Inductive coils may be connected in 
series or in parallel. When connected 
in series, as shown at (A) of Fig. 3, 
the total effective inductance in the 
circuit is equal to the sum of the in- 
dividual inductances (if the individual 
inductances are isolated magnetically 
from each other). This is so because 
each one helps to oppose any change 
in the common current flowing 
through the entire system. Thus, for 
inductances L,, L:, Ls, ete., in series 
(with no magnetic coupling between 
them), 

L=L,+L:+1;+ ... ete. 

It is common to connect separate in- 
ductance coils in series with a circuit 
to increase its total inductance. Such 
coils are commonly called loading 
coils. Loading coils are sometimes 
connected into the aerial or tuning 
circuit of radio transmitters or receiv- 
ers for this purpose. 

When inductances are connected in 
parallel with each other, as illustrated 
at (B), their combined inductance is 
found from the formula: 


. etc. 


where L is the total or combined in- 
ductance of the coils, the individual 
self-inductances of which are L,, Lz, Ls, 
ete. Here again, it is assumed that no 
magnetic coupling exists between the 
individual coils. 

(Notice that the respective formulae 
for inductances in series and in paral- 
lei are similar to those given in an ear- 
lier lesson for resistances in series and 
in parallel.) 


Variable Inductors 

Inductors must often be made gp 
that their self-inductance can be var. 
ied easily. Many arrangements for ac. 
complishing this have been developed 
but at the present time, only the few 
illustrated in Fig. 4 are employed to 
any extent. The inductance of the 
coil at (A) is made variable in Steps 
by means of the switch and taps taken 
from the winding. The inductance is 
varied by increasing or decreasing the 
number of turns included in the er. 
cuit. At (B) the inductor is made jp 
two parts, placed close together ang 
connected in series. 

A mechanical arrangement makes 
it possible to move them closer to. 
gether or farther apart to vary the 
magnetic coupling, and hence the to. 
tal inductance, between them. This 
method has the advantage of provid. 
ing a smooth variation of inductance. 
In the coil shown at (C), the induc. 
tance is varied by changing the 
amount of magnetic core inserted in 
the coil. The farther the core is jn. 
serted into the coil, the greater is the 
inductance. This is the method em. 
ployed for varying the inductance of 
most iron-core radio-frequency and 
intermediate frequency tuning coils in 
modern radio receivers for purposes of 
receiver circuit alignment. The core 
is usually moved in and out by a sim- 
ple threaded screw arrangement. Sey- 
eral compressed powdered-iron cores 
for this purpose are shown in Fig. 5. 
They are provided with screw inserts 
for positional adjustment in the coils. 


Mutual Inductance 


Part 6 of this series of articles ex- 
plained how a voltage can be induced 
in a conducting circuit by means of a 
magnetic field—the example described 
there employed the field of a perma- 
nent magnet. It is also possible to in- 
duce a voltage in a conducting circuit 
by means of the magnetism produced 
by current flowing in another electri- 
cally separate circuit. This can be 
demonstrated experimentally by the 
simple apparatus illustrated at (A) of 
Fig. 6. 

One electric circuit consists of the 
battery connected to a coil of wire 
through the switch. Placed close to 
the coil, but not electrically connected 
to it, is another coil connected to a 
sensitive current indicating instru- 
ment. Every time the switch in the 
circuit of the first coil is opened or 
closed, a momentary current will be 
indicated in the circuit of the second 
coil. This current is induced by the 
lines of force, created by the first coil, 
linking with the turns of wire of the 
second coil each time the current in 
the first coil is started, and unlinking 
from them each time the current 1s 
stopped. This simple arrangement 
constitutes a transformer. The coil re- 
ceiving the original current is called 
the primary; the one in which the volt- 
age is induced by electromagnetic I 
duction is called the secondary. | 

The same action takes place if 4 
source of alternating current is SUP 
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nlied to the primary circuit. No switch 
i¢ then needed to start and stop the 
imary current, to make the lines of 


Cos jink and unlink with the second- 
ary winding, for alternating current 


itself decreases to zero value twice 
every cycle. In fact, transformers are 
commonly operated from a.c. current 
courses, and then have alternating 
voltage induced in their secondary 
windings. 

The coil arrangement shown here 
would not constitute a very efficient 
transformer, for many of the lines of 
force produced by the primary (those 
shown at the left) do not link and un- 
link with the secondary coil, therefore 
do not induce in it any e.m.f. These 
lines are termed the leakage flux. To 
reduce the leakage flux and make the 
transformer more efficient, the pri- 
mary coil can be wound on the same 
supporting form with the secondary, 
and close to it, as illustrated at (B). 
Notice that there is less leakage flux 
now, but the flux may not link with 
all of the secondary turns—specifi- 
cally, those at the lower end. By 
winding the primary coil directly over 
the secondary at its center, as at (C), 
the leakage flux is further reduced. 
Practically all the lines of force cre- 
ated by the primary current now cut 
the secondary coil and contribute to- 
ward inducing voltage in it. 

The primary and secondary coils at 
(B) are loosely coupled magnetically; 
those at (C) are tightly coupled. Air- 
core transformers having primary and 
secondary windings arranged as shown 
in these two illustrations are com- 
monly used in the radio-frequency am- 
plifying circuits of radio receivers. 

The transformers illustrated at (B) 
and (C) are termed air-core trans- 
formers because the magnetic field ex- 
ists wholly in air. If a path through 
a good permeable magnetic material 
(soft magnetic steel or compressed 
iron dust), is provided for the lines of 
force, they are kept in the desired 
path and there is less leakage flux. 
In addition, a core of good magnetic 
material causes the primary current 
to create a much stronger magnetic 
field for the same current and number 
of turns of wire in the primary coil, 
and therefore contributes to a higher 
induced secondary voltage. 

A popular arrangement, making an 
efficient iron-core transformer, is illus- 
trated at (D). Notice that the primary 
and secondary coils are wound directly 
over each other for good coupling, and 
that the iron core provides a good path 
for the magnetic field. In transform- 
ers which are to operate from alter- 
nating current sources of low frequen- 
cies (60 cycle power line frequencies 
up to audio frequencies of about 16,000 
cycles per second), the core is usually 
made of thin sheets of silicon steel, 
punched to shape and assembled as 
shown. Such transformers are com- 
monly used in the power and audio- 
frequency circuits of radio receivers. 
A commercial audio-frequency trans- 
former, removed from its mounting 
frame, is illustrated in Fig. 7. Notice 
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the similarity between this and (D) 
of Fig. 6. 

When the iron-core transformer is 
to operate at higher frequencies, a 
special compressed iron-dust core is 
employed because it has lower losses 
at high frequencies. Such transform- 
ers are used commonly in the radio- 
and intermediate-frequency tuning cir- 
cuits of portable, automobile, aircraft 
and many home receivers because they 
are very compact and contribute a 
high voltage step-up. A _ radio-fre- 
quency transformer, having a com- 
pressed iron-dust core, is illustrated in 
Fig. 8. 

A transformer may have more than 
one secondary winding; in fact, such 
transformers are used commonly in 
the power circuits of a.c. receivers. 
When they are, the source of power is 
conveniently the 110-volt a.c. power 
line. As illustrated schematically at 
(FE) of Fig. 6, and actually in the pho- 
tograph of Fig. 9, such a transformer 
consists of a primary winding fed from 
the 110-volt a.c. power line and several 
independent secondary windings, all 
placed on the same magnetic core so 
the lines of force created by the pri- 
mary link and unlink with all of them, 
inducing voltages in all of them. The 
relation between the primary and sec- 
ondary voltages in any transformer is 
simple and definite—it depends di- 
rectly on the ratio of the number of 
turns in each winding (if the magnetic 
leakage is kept very low). For ex- 
ample, if there are twice as many 
secondary turns as primary turns, the 
voltage developed across the second- 
ary winding is double that applied to 
the primary. 

Therefore, by properly proportion- 
ing the number of turns in the pri- 
mary winding and the number of turns 
ir each secondary winding, any desired 
voltages can be obtained from the sec- 
ondaries. For example, in the trans- 
former at (EF), secondary No. 1 devel- 
ops 480 volts for the plate circuits of 
the rectifier, secondary No. 2 develops 
5 volts for the filament circuit of the 
rectifier tube, secondary No. 3 devel- 
ops 6.3 volts for the filament circuits 
of the remaining tubes in the receiver. 
Notice that secondary winding No. 1 
develops a higher voltage than that 
supplied to the primary, while the 
others develop lower voltages. The 
windings on a transformer of this kind 
are illustrated in Fig. 9. In the case 
of secondary No. 1, there is a step-up 
in voltage; in the case of the other 
two secondaries, there is a step-down 
in voltage. 

This illustrates how electrically 
flexible the transformer is. It can be 
designed to do practically anything in 
the way of stepping up or stepping 
down alternating voltages. Because of 
this property, the fact that it has no 
moving parts to wear out, and that it 
is comparatively inexpensive to build, 
it is a very important and widely used 
electrical device in both radio and gen- 
eral electrical work. 

(To be continued) 


FASTER BETTER TESTS 


with RCP VOLT-OHM-MILLIAMETER 


Speed, accuracy and economy feature 
RCP’s 3-in-1 Multitester — the Volt- 
Ohm-Milliameter you need for wartime 
servicing. Save precious time, save Cost- 
ly errors and—above all—save money. 
This popular instrument has everything 
required for fast, accurate work, with- 
out needless, price-boosting frills and 
gadgets. Just check a few of its features! 


RCP MODEL NO. 
423 


Complete, 
ready to operate 


only 323° 


%& Three-inch, 2% accurate meter with sensi- 
tivity of 2,500 ohms per volt. 

% Uniform AC-DC 
1,000 ohms per volt. 


% High ohmeter range 10 megohms. Center to 
full scale ratio 125. Low ohm scale reads $ 
ohms at center and each of first ten divisions 
read 0.1 ohms. 


%& Each shunt and multiplier individually cali- 
brated to tolerance of pilus or minus 2%. 

%& Multipliers individually matched in pairs for 
overall accuracy within 1%. 

%& Supressor type copper oxide rectifier for AC 
mcasurements. 

% Completely self-contained with necessary bat- 
teries in hardwood walnut finish case. (Port- 
able model in walnut carrying case at $25.95 
equipped with complete set of test leads.) 


voltmeter sensitivity of 


Radio City Products Company 


INC. 


127 WEST 26th STREET NEW YORK CITY 


SENSATIONAL SALE 
WEBSTER RECORDING UNITS « 


MODERNIZE YOUR RADIO with this fine 


recording and playback assembly. Plavs records 
up to 12” dia. Cuts records up to 10° dia. out- 
side-in at 110 lines per inch. 78 RPM induction 
type motor employs an internal rim-drive to the 


turntable. Assembly includes 10° turntable, 
motor, cutting mechanism, crystal cutting head, 
134 ounce low-pressure crystal 
pickup, with full instructions 
for connecting to any radio set $ 95 
or amplifier. Size 10°x15"%. Ship- tated 
ping weight 16 Ibs. While they 
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OTHER SPECIALS 
8” P. M. SPEAKERS, 12 0z. mag- 


net, 6-S ohm voice coil, 
Mt conehituwionsandaad $2.95 
12” P. M. SPEAKERS, 18 oz. 


magnet, 6-8 ohm voice coil, 


All prices F. O. B, Chicago. C. O. D, orders 
must be accompanied by a deposit of at least 


in WRITE TODAY 
FOR NEW FREE BARGAIN LIST! 


ARROW RADIO CO. 


902 W. Jackson Bivd. Chicago, Illinois 


BARGAIN 


IN RADIO PARTS! 
ey ane 


Guaranteed All New 
and 100% Perfect... 
in Original Packages 


——_ 


RECORDING DISCS! .. . thousands of 
Bristol base acetate coated discs . . . amaz- 


ingly good quality at lowest price for quick | 


sale . . . minimum background noise — 
coated on 2 sides—non-inflammable . 


With Labels. 


614" in lots of 10. .57¢ 
8 "in lots of 10. 77¢ 
10’ in lots of 10. 97e 


In lots of 100. .$5.50 
In lots of 100.. 7.50 
In lots of 100 9.50 


P. M. SPEAKERS !—All new—thousands 
in original cartons. 4” and 5”, good heavy 
construction. V. C. impedance 3-4 ohms. 


(Less transformers) 4” at 89e each. 5” at | 


$1.10 each. 


ASTATIC CRYSTAL PICK-UPS!—high grade, 
low pressure pick-up. Statuary brown finish with 
single hole mounting bracket. Mounting center 7” 
Plays up to 12” records . your new low price 


$2.95 each 


SERVICEMEN’S SPECIAL!—10 lbs. Radio 


Parts Kit. An assortment of controls, switches, 


coils, variables, resistors, condensers, etc., all 
perfect and brand new!... only $2.95 
PUSHBACK WIRE... No. 18 stranded ... 


assorted colors . . 


. exceptional buy per Ib. 60c 


FREE! Servicemen write today for free cat- 


alog listing thousands of parts bargains . . 
hardware and replacement parts 


WE SAVE YOU MONEY’ .. 
DROP A POST CARD TODAY 


RANDOLPH RADIO 


609 W. RANDOLPH ST., CHICAGO, ILL. 


‘Millions of Parts for Millions of Radios’’ 


. assorted lengths (one to six feet) | 


| JOIN THE MARINES! 


HE United States Marine Corps 

needs a large number of officers 
with electrical background for duty in 
the supervision and maintenance of 
radio aircraft warning devices, allied 
radio equipment and installations. 

A call to civilians between 20 and 
40 years of age to apply for commis- 
sions in the Corps has been issued by 
the Commandant Lieutenant General 
Thomas Holcomb. 

Candidates for commissions should 
be able to fill one of the following: 


1. Hold a degree of Bachelor of Sci- 
ence of Electrical, Radio, or Commu- 
nication Engineering or Electronic 
Physics awarded by an accredited col- 
lege, or: 

2. Hold a degree of Bachelor of 
Science in any engineering subject and 
have had reasonable practical experi- 
ence in radio or electrical work, or: 

3. Have successfully completed at 
least two years of electrical, radio or 
communication engineering subjects 
at a college, university or commercial 
school of recognized standing and have 
considerable experience in one of those 
fields, or: 


4. Have the equivalent of any of 
the above by reason of extensive prac- 
tical experience in the field of radio 
where the applicant has been con- 
nected with the design, erection or 
maintenance of ultra high frequency 
radio transmitting or reception. 

Men who are commissioned will be 
sent to an officer’s school for three 
months for an indoctrination course 
in military training. 

Anyone interested in applying for a 
commission in this specialized field 
who lives in the Western Division com- 
prising the states of Arizona, Califor- 
nia, Colorado, Idaho, Nevada, New 
Mexico, Montana, Oregon, Utah, Wash- 
ington and Wyoming is advised to 
write a letter to Lieutenant Colonel 
Raymond W. Conroy, Naval Reserve 
Aviation Base, Oakland Airport, Oak- 
land, California, or The Commandant, 
U. S. Marine Corps, Headquarters, 
Washington, D. C. 

In this letter a statement of quali- 
fications should be made, and infor- 
mation giving age, full name and com- 
plete address should be included. 

Applicants must meet other stand- 
ard qualifications of the Marine Corps. 


Air Foree Radio Instructors 


The new Air Force Technical School, 
opened recently in Chicago, is in need 
of hundreds of qualified radio men ca- 
pable of teaching code, theory, main- 
tenance and operation. Amateurs as a 
rule are the type possessing such qual- 
ifications. Salaries begin at $1800 an- 
nually and men are employed under 
Civil Service for the duration and six 
months thereafter. Send your qualifi- 
cations to the school at 720 S. Michi- 
gan Ave., Chicago, Illinois, U. S. A. 


Airplane Detector 
(Continued from page 25) 


——_——__| 


sections, making almost Perfect 
curves. These sections were triangular 
in shape, being a bit rounded on the 
two longer sides. 

The bowl measured nearly four feet 
across the rim and twenty inches deep, 
Cloth tape was glued over the seams 
on the outside. Between the seams 
stove bolts served to clamp one sec. 
tion to the next. Inside, cracks were 
sealed with plastic wood and Patching 
plaster. Five coats of paint inside and 
out make the bowl practically weather 
proof. A pipe flange on the outside 
where all the sections come together 
makes an ideal binder. A hole was 
drilled in the bottom of the tureen to 
let water out. 

The pickup speaker was mounted in 
an inverted position over the bowl, 
covered by a metal cone to protect the 
paper speaker cone from the elements. 
See accompanying photos. 

When the unit was completed, it was 
installed on a tower about 12 feet high 
on a knoll considerably above syr- 
rounding territory. A two-hundred.- 
foot low impedance line connects the 
pickup with the amplifier in the air 
raid station proper. An output trans- 
former mounted in an aluminum case 
fitted with an ordinary phone plug 
makes it possible to plug into any 
amplifier. In looking around for an 
amplifier that would stand 24-hour 
service, an Ashland restaurant owner 
donated the use of one that had been 
built out of an old General Electric 
broadcast receiver. 2A3’s were sub- 
stituted for the original 45’s. A 57 was 
used as an input stage into a 56 driver. 
The whole thing was transformer cou- 
pied. The original power supply and 
audio transformers’ were utilized. 
Plenty of shielding and filtering is 
necessary as the gain is practically 
wide open. 


Preliminary tests show that the 
“soup tureen” really does the busi- 
ness. Ground noises have been fe- 


duced by 75%. As near as can be de- 
termined, planes can be heard at a 
distance of five miles or even more. 
So far, local defense officials are very 
enthusiastic about the setup. 

Actual cash outlay, outside of the 
amplifier of course, was considerably 
less than $5.00. 


Leading the Industry 


| Since 1919 | 
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Emergency FM-AM 
(Continued from page 9) 


yided with these relays. 

Although both the fire and flood con- 
trol systems use the same towers and 
equipment to a great extent, they ac- 
tually function independently. Avail- 
able for both systems are approxi- 
mately one hundred transceivers for 
emergency werk and about 200 sta- 
tionary transmitter and receiver units. 
All equipment is battery operated. 

For flood prediction and control, men 
stationed at thirty-two points along 
prominent river watersheds report 
twice daily and hourly during emer- 
gencies to a central station by way of 
ihe relay stations. The headquarters 
unit collects the data and makes up 
and sends out forecasts and warnings. 
By means of these continuous reports, 
the Department of Forests and Waters 
can predict flood stages twenty-four 
hours in advance. 


detector for reception. 
output is % watt. 

The tower transmitter receiver con- 
sists of two distinctly separate sec- 
tions built on a single chassis and 
housed in a small desk cabinet. Both 
the transmitter and receiver sections 
are operated in conjunction with a 
common antenna system and switch- 
ing is arranged so that the receiver 
normally connected to the antenna is 
in continuous operation. The crystal- 
controlled carrier power is approxi- 
mately two watts. A single self-re- 
storing key permits rapid changeover 
to transmitter operation. The trans- 
mitter is normally inoperative and ar- 
ranged to consume no battery power 
when not in actual use. 

A year was spent in the installation 
of this equipment, with four of the 
engineers who contributed to the de- 
sign living in a trailer in the woods 
during that period and supervising the 
work. 

Many utilities have converted their 
a.m. installations to f.m., in view of 


The terminal | 


ENGINEERS, CONTRACTORS: Send specifica 
tions for estimates, or request Catalogue No. 4! 


Par-METAL Propucts Corp 


32-62 49th ST.. LONG ISLAND CITY, N. Y 


Export Dept.: 100 Varick St. New York N.Y 
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Microvolts Input 


Output tube noise plotted against carrier input level of an FM-AM set. 


For fire prevention, there are ninety- 
seven fire towers, each with receiving 
and transmitting equipment. These 
are divided into sixteen districts, in- 
ter-related and nominally subject to 
control from the main station, but 
with enough authority to handle fires 
in their own districts. 

The portable transceiver is a four 
tube unit, with a half wave antenna, 
carbon microphone and a pair of 
headphones. Its total weight is thirty 
pounds. A flexible wire antenna is 
put into service by simply throwing its 
far end over a tree branch. A two-tube 
audio amplifier, using types 30 and 
31 for input and output respectively, 
also serves as a microphone input and 
modulation amplifier for transmis- 
Sion. A pair of 30 tubes are used 
im a push-pull r.f. stage, to serve as a 
modulated oscillator for transmission 
and self-quenched super-regenerative 
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the f.m. characteristics that are ideally 
suited to their work. Among those 
who have “changed-over” are the Day- 
ton Power and Light Company. Or- 
iginally the equipment consisted of a 
500 watt fixed station and ten mobile 
units. The equipment that they are 
now installing includes one 500-watt, 
five 250-watt, one 50-watt and twenty- 
five 35-watt mobile units. The greatest 
radial distance that they have to cover 
is about seventy-five miles. That is 
why it is necessary to use so many 
fixed stations, spotted at advantage- 
ous locations. 

The antenna at the Dayton instal- 
lation is mounted on a 300 foot steel 
tower, which in turn is supported on 
the roof of a building seventy-five 
feet off the sidewalk level. In addi- 


tion to this, they employ the familiar | 


remote receive pickup system. Their 
receiver is located about six miles 


HELP YOURSELF 
and YOUR COUNTRY 


Wi: PAY highest cash 
prices for used communica- 
tions receivers and trans- 
mitters. 


If you wish to convert 
your equipment into cash, 
contact us at once. You will 
help win the war because 
we are supplying the gov- 
ernment with equipment. 

Write, telephone or tele- 
graph us description of 
your used receivers and 
transmitters of standard 
make; you will be paid cash 
immediately without bother 
or red tape. 

We also have a store at 
2335 Westwood Blvd., West 
Los Angeles, Calif. 


HENRY RADIO SHOP 


BUTLER, MISSOURI 


“WORLD'S LARGEST DISTRIBUTOR 
OF COMMUNICATIONS RECEIVERS” 


Complete Home - Study Course 


in sending 
and receiving 


RADIO CODE 


ea textbook-type system- 
atic treatment of radio 
code 

e with all necessary instruc- 
tions and practice material 


* presenting PROFESSIONAL 
sending and receiving, the way 
it is taught in leading radio 
schools 

Use it to learn code from the very begin- 
ning—to raise your speed to highest pro- 
fessional requirements—to master this 
important and better-paying skill in the 
most convenient and inexpensive way, by 
home study. 


Just Out—Arthur R. Nilson’s 


RADIO CODE MANUAL 


Price, only $2.00 


Here is a complete course in radio code—how to send it 
and how to read it—in practical form for self-study or 
classroom use. Gives 20 lessons, beginning with simplest 
code characters and leading up to the handling of actual 
messages and press dispatches, weather reports, and dis- 
tress messages. 


The 20 lessons are a care- 
fully worked out, progres- 
sive series, very similar to 
courses offered in Navy, 
Signal Corps, and other 
radio schools. Each lesson 
contains instructions and 
pointers and ample practice 
material. Besides this direct 
drill in code, the book also 
gives you, in 7 other chap- 
ters, a great deal of heipful —how to get past the 
information on training “plateau of slow learn- 
yourself in the code and on ing” 

ecoming a good operator —how to handle messages 
generally. etc. 


sesceucens: |f) DAYS’ FREE EXAMINATION «<2*:=e2e= 
McGraw-Hill Book Co., 330 W. 42nd St., New York 
Send me Nilson-Radio Code Manual for 10 days’ 
examination on approval. In 10 days I will send you 
$2.00 plus few cents postage, or return book postpaid 
We pay postage if remittance accompanies order.) 


Shows you: 


—how to make your own 
practice apparatus 
—how to fix the code 
charactersin your mind 
—how to practice them 
for quickest progress 
—how to develop sending 
and receiving speed 
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MODERN PARTS for 
MODERN CIRCUITS 


THAT HAVE BEEN 


“Designed for 


Application” 


CATALOG UPON REQUEST 


JAMES MILLEN 


ISO EXCHANGE 51 


RADIG Serer 27 MONTHS 


| Intensive, specialized course, including strong basis 
| in mathematics and electrical engineering, ad- 
vanced Radio Theo and Design. } 
tory. Low tuition. Self-help opportunities. 
27-month courses in Aeronautical, Chemical, Civil 
Electrical and Mechanical Engineering. Participa- 
tion in Civilian Pilot Training Program. : 
September 8, December, March, June. Catalog 


INDIANA TECHNICAL COLLEGE 


792 £. Washington Bivd., Fort Wayne, ind 


from the main station tower at a very 
quiet spot, which enables them to op- 
erate with the squelch circuit almost 
entirely open. 

The Commonwealth Edison Com- 
pany of Chicago uses f.m. systems in 
its twenty-four hour daily vigil of the 
electric supply of the city. Radio 
patrol cars cover established “beats,” 
but their itineraries are frequently 
changed so that their appearance at 
a specific location at any given time 
cannot be anticipated. All members 
of these radio patrols are licensed 
radio operators. 

The cars are always close to major 
electric production, transmission and 
distribution centers in the territories 
they patrol, so that a message from 
the central radio operator will bring 
them to any location within a few 
minutes. 

The guards in the cars are deputized 
by the Chicago Police Department. In 
addition, a tie-in with the Chicago 
station of the Illinois State Police af- 
fords further cooperation in emer- 
gencies. 

A Commonwealth Edison Post De- 
fense Corps, formed several months 
ago, employs f.m. emergency equip- 
ment in a variety of important phases. 
There are four divisions in this corps, 
each assigned to a definite zone. Eight 
Edison delivery trucks have been re- 


built to serve as ambulances, while 
four others have been converted to 
mobile field conditions. Half of the 


ambulances have two-way f.m. equip- 
ment and have already demonstrated 
on trial tests their remarkable prop- 
erties of communications. 

In New York, a two-way system, 
using a.m., speeds along millions of 
bus and trolley passengers. For the 
dispatching of these surface lines, a 
division of the New York transit sys- 
tem employs a fleet of twenty patrol 
cars. This system relays emergency 
calls to cruising cars in less than 30 
seconds. 

Traffic trouble comes in many forms 
which this radio system helps to solve. 


ley lines recently, a radio dispatcher 
was able to contact three patrol Cars 
immediately. They were sent to the 
two diversion points and to the fire. As 
a result all but two of the trolleys Were 
diverted through parallel streets. Had 
other means of communication by tele. 
phone been attempted, hundreds of 
passengers would have been delayed 
traffic would have been snarled and 
accidents would have resulted. And 
had the telephone lines been down, the 
results would have been catastrophic 
a condition that might well prevail jn 
wartime too. The surface system 
serves an area of approximately eight 
by sixteen miles, with some 1,235 
street cars and 300 buses. 

Ten of the patrol cars have 15-watt 
transmitters, as well as receivers. The 
other ten cruisers have receivers only, 
There are receiving sets on five heavy 
duty emergency trucks, one light 
emergency truck, two line department 
automobiles and one track patrol car. 

The dispatching equipment consists 
of a 50-watt transmitter with its apn. 
tenna on top of a building near the 
heart of the patrolled area. The an- 
tenna is 240 feet above street level. It 
is operated by remote control from the 
dispatcher’s office at the headquarters 
of the system. At the dispatcher’s 
desk are seven automatic headway 
recorders which check the time of 
cars as they pass various control 
points. A signal board indicates the 
number of patrol cars in service. A 
remote control transmitter, receiver, 
and direct telephone lines to stations 
of street inspectors constitute the re- 
mainder of the equipment at this post. 

All receivers are frozen to the spe- 
cific frequency used by the dispatcher. 
Radio car drivers ask the dispatcher 
if they may come in, before they start 
talking to him. This prevents over- 
lapping of reports. During an aver- 
age day around a hundred calls are 
issued. The system, however, is so de- 
signed that many times more could be 
worked in, without straining the serv- 
ice or efficiency. 


When a fire threatened to block the Another transit system that is using 
converging point of four bus and trol- radio successfully is the Cleveland 
LIMITER DISCRIMINATOR AUDIO AMP 
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Company. Two-way f.m. with 
4 250-watt dispatcher and ten 25-watt 
mobile units constitute the system. 

Since the installation of this emer- 

, network, delays in car service 

ee been shortened and in many in- 
pron ta completely eliminated by the 
ability of the zone supervisors to 
reach @ congested area quickly and 
restore the flow of vehicles or direct 
the replacement or repairs of damaged 
sai c. 
a ae cars patrol the city and 
maintain contact with the central of- 
fce. A 270-foot antenna located on 
the main building sprays signals ef- 
fectively over the entire area. 

Unique radio service with sea patrols 
is also now available. At Boston Har- 
por, two-way f.m. communication be- 
tween United States quarantine tugs 
and the Quarantine Administrative 
Headquarters is a daily practice. The 
equipment in the vessels consists of a 
twenty-five watt transmitter and a 
suitable receiver. Engineers operat- 
ing this equipment have made tests 
as far out to sea as 30 miles and re- 
port excellent results. Static caused 
by compressors and other machinery 
in nearby piers is completely elim- 
inated. Thus far this service has not 
only afforded the ordinary completion 
of daily business, but has afforded 
many emergency contacts, heretofore 
impossible. 

Emergency service for motorists 
driving through one of Pittsburgh’s 
mile long tunnels is now also avail- 
able by a system originally designed 
for broadcast service. The system was 
made possible by an accidental dis- 
covery during the installation of power 
lines several years ago. It seems as 
if during the course of some repair 
work, a wire was strung along the 
top of each tube and motorists who 
had better than average receivers 
found that they could pick up a weak 
signal. Thus the installation of a 
permanent system was decided upon. 
To bring the signals in consistently, 
an outside antenna and lead-in were 
found to be required. The obvious lo- 
cation for the outside or pickup an- 
tenna was on top of Mt. Washington. 
Fortunately the buildings ‘containing 
the ventilating equipment for the tun- 
nels were located on top of the hill, 
directly above the center of the tun- 
nels. There were air shafts cut from 
the buildings to the tunnels, 250 feet 
below. Through these shafts the lead 
in wires were dropped, and connected 
to the wires in the tunnels. 

In testing, the signals received were 
found to be quite weak, or less than 
's microvolt. Accordingly a _ three 
stage amplifier was designed to offset 
this loss. This was installed in one 
of the ventilation buildings. But de- 
spite this push, the signals were still 
too weak. The next step was to in- 
stall a second wire in each tunnel. 
This did not help much, since the sec- 
ond wire was too close to the wall of 
the tunnel, prompting earth absorp- 
ion. It was then decided to lower 
the first wires, which had been hung 


Railway 
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from the lighting fixtures in the cen- 
ter of each tube. This solved the 
problem, but not completely. The 
next decision was to move the out- 
side antenna and amplifier from the 
top of the hill to the foot, at the 
Pittsburgh end of the tunnels. Here 
stations from all five Pittsburgh sta- 
tions can be picked up without re- 
flection from the hill, and fed directly 
to the wires inside of the tunnels. This 
change brought an increase in signal 
to 60 microvolts. 

While this system is for broadcast 
only, it provides a method of contact 
heretofore impossible, and extremely 
essential in emergencies. 

In the remote areas of Montana, an 
unusual emergency radio system is 
now in operation. Because lines run 
through inaccessible areas, the Mon- 
tana Power Company operating gas 
transmission and electric circuit lines, 
decided to use radio as a means of 
contact with patrolmen. The units 
used are extremely portable and are 
of the transmitter-receiver type used 
by the Department of Agriculture for- 
est service. In view of the mountain- 
ous country, ultra-high-frequencies are 
not used. And since none of the re- 
ceivers or transmitters are in the areas 
of man-made static, equipment using 
a.m. could be used effectively. Output 
powers of fixed stations vary from 30 
to 12 watts. With these low powers, 
distances up to 200 miles have been 
covered with consistency. And since 
for normal emergency work, it is not 
necessary to operate farther than 50 
miles, there is a large factor of safety. 
The battery operated portables have 
an output of 24 watts. The reason 
for using low power even on the sets 
normally operated off the lighting cir- 
cuits, say the company engineers, is to 
permit the use of gas line cathodic pro- 
tection 40 volt d-c generators and bat- 
teries as emergency radio equipment 
power supplies. 

One-half wave hertz off-center fed 
antennae are used for both transmit- 
ting and receiving. Future installa- 
tions will require remote controlled 
receivers for transmitting and receiv- 
ing. 

In hundreds of cities throughout the 
Nation, a wide variety of emergency 
systems similar to those described 
herein are in effective operation today, 
affording an unprecedented service 

. a service that means instant ac- 
tion in Peace and War! 
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RADIO TRAINING 
FOR THE 


NAVY 
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BONDS & 
STAMPS 


We are now sup- 
plying the Army 
and Navy con- 
tractors with 
POLYMET Con- 
densers. Uncle 
Sam comes first 
with us. However, 
expansion of our 
facilities enables 
us to fill regular 
requirements with 
very little delay. 


POLYMET 
CONDENSER CO. 


699 E. 135th St. 
NEW YORK, N. Y. 


FIX ANY RADIO 


_=-= \Amazing New Invention 

Learn to repair radios in minutes 

instead of hours. Revolutionary, dif- 

ferent Comparison technique per- 
mits you to do expert work almost 
immediately. Most repairs can be 
made without test equipment or 
with only volt-ohmmeter. Simple 
point-to-point, cross-reference, 
circuit suggestions locate faults 
quickly and easily. 


FOR BEGINNERS OR EXPERTS 


Find any radio fault with ease. Follow the compari- 
son tests given on 16 large trouble-shooting blue- 
orints. 112 fact pages. Over 1,000 practical repair 
Pints. Hundreds of simplified tests using a 5c resistor 
and a filter condenser. Covers every radio set—new 
and old, Introductory material for beginners and to 
serve as a review for experienced radio men. Also 
several chapters on test equipment. Presented in 
manual form, 84 x 11 inches. Entire plan is stark 
new and will change servicing mo ob Protected 
by U. 8S. Copyright 


SATISFACTION GUARANTEED 


Take advantage of our “no-risk” trial. ] 
Send coupon today. Use this time- 
saving, money-making radio servicing 
method for 15 days without any obli- 
gations. See how much time you will 
save every day on every radio job 
Learn new short-cuts in radio servic- 
ing. Then decide to keep Comparison 
Method Manual or return it and re- 
ceive a cash refund. You cannot lose- 
but you owe yourself a chance to look 
at this plan 


NEW 1942 EDITION 


The training will more than pay for 
itself on the first radio job. Examine 


Developed by 
M. N. Beitman, 
radio engineer, 
teacher, author, 
& serviceman, 


and use this unique plan for 15 days 
at our risk. Send coupon right now— 
use the plan this week. 


_ TRIAL ORDER COUPON 
SUPREME PUBLICATIONS, 328 Jefferson St., Chicago, Wi, 


Ship the new manual, “Simplified Radio Servicing by 
Comparison Method,” for examination. I am enclosing 
$1.50, full price, send postpaid. I must be satisfied or 
you will refund my money 
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“Henney’ is still 
an easy book.. 


WITH OR WITHOUT 


the aid of a teacher, 
with or without tech- 
nical training, “Hen- 
ney” is on hand in a 
new edition ready to 
guide you in easy 
stages to a working 
knowledge of radio. 
Emphasis is on the 
problems you are likely to face in prac- 
tice. 


PRINCIPLES OF 


RADIO 


Fourth Edition 
By KEITH HENNEY 
Editor, ELECTRONICS 


What's NEW: The fourth 


edition of ‘Henney’ contains the latest 
on detection, ultra-high frequencies, tele- 


vision, radio-frequency amplifiers, vac- 
uum tube detectors, antennas, etc. Con- 
siders the applications of radio which are 
important now. 


316 illustrations 
54 by 75—$3.50 
ON APPROVAL COUPON 


John Wiley & Sons, Inc. 
440 Fourth Avenue, New York, N. Y. 


549 pages 


Kindly send me a copy of Henney’s ‘‘Prin- 
ciples of Radio,’’ on ten days’ approval. If 
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DEGREE in 27 monrns 


%& Complete Radio Engineering course in 
27 months. Bachelor of Science degree. Radio 
(television, talking pictures and the vast elec- 
tronic field) offers unusual opportunities. De- 
fense needs call for the engineer. Demand 
exceeds the supply. Courses also in Civil, 
Electrical, Mechanical, Chemical, Aeronau- 
tical Engineering; Business Administration, 
Accounting and Secretarial Science, Tuition, 
living costs low. Distinguished for technical 
2\4, year courses. Special preparatory depart- 
ment for those who lack required high school 
work. Enter September, January, March, June. 
Cosmopolitan student body. 59th year. Write 
for catalog. 


1692 College Ave., Angola, Ind. 


INVENTORS 


ROTECT your idea with a Patent 

Secure “Patent Guide” and “Record 

of Invention"’ form—Free. No charge for 

= preliminary information. Write today! 

CLARENCE A. O'BRIEN and 

HARVEY B. JACOBSON 
Registered Patent Attorneys 

2106-3 Adams Building, Washington, D.C. 
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efit of the teacher was not forgotten. 
Every attempt was made to make the 
text lucid and practical. This view- 
point has persisted through subse- 
quent conditions. The Fourth Edition 
has been brought up to date, new 
problems have been added, new phases 
of radio science have taken the places 
of other phases which have disap- 
peared. The book has been in con- 
stant use in trade schools, for which 
it was intended. 

In preparing this new edition, the 
author has not been unmindful of his 
responsibility. Many men now in uni- 
form will get part of their training 
from this book; so will many civilians, 
soon to be in uniform or soon to carry 
on the essential radio jobs being va- 
cated by men who are leaving them 
for their country’s sake. Many new 
chapters have been added and the 
book has been brought up to date in 
every respect. The very latest an- 
tenna systems, for example, are dis- 
cussed completely. Frequency mod- 
ulation is covered adequately for all 
but the advanced student. Short cuts 
have been used wherever possible and 
the book appears to be free from con- 
stant repetition. Hundreds of illus- 
trations serve to clarify the essential 
subjects and there is a complete tube 
table placed where it may serve as an 
easy-to-get-at reference. 


“RADIO OPERATORS’ LICENSE 
MANUAL,” written and published by 
Wayne Miller, 222 N. Wells St., Chi- 
cago, Ill. 1942 edition. Price $3.00. 
230 pp. 

The questions contained in this book 
are stated verbatim from the “Study 
Guide and Reference Manual for Com- 
mercial Radio Operators’ Examina- 
tion,” as issued by the Federal Com- 
munications Commission. They repre- 
sent a scope of material from which 
examination questions will be _ pre- 
pared. The answers are not to be con- 
sidered official, but represent the au- 
thor’s opinion of what constitutes rea- 
sonable solutions. A few questions 
can be incorporated in more than one 
way. In such cases one or more pos- 
sible conditions are assumed and the 
answer or answers based on the as- 
sumed condition. Ordinary slide rule 
accuracy is acceptable in all compu- 
tations; the mathematics used in the 
solutions are of ordinary high school 
scope. The answers do not attempt 
to constitute complete subjects cov- 
ered, but in certain cases have been 
elaborated upon in order to provide a 
basic working knowledge of the fun- 
damental principles involved. 
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chassis. The spring switch and Tota 
on and off switch are then Assemble 
on the front of the chassis, 

Two flashlight batteries were Used 
connected in parallel affording len 
frequent battery changing. The oq, 
ers are stripped from these batteries 
and they are wedged into a holder 
fashioned from 26 gauge sheet metal 
mounted under the chassis. The top 
connections may be made with a spring 
clip or a soldered connection. 

The “B” supply used in this particy. 
lar unit were two Minimax layer byjj 
hearing aid batteries which happened 
to be available at the time for con. 
struction. These were mounted With 
a bracket made of 1/16” brass stock 
connections being made with the snap 
clips used with these particular ‘bat. 
teries. If longer battery life is g& 
sired, however, the standard 45 vol 
units common to most portable broad. 
cast receivers may be used. These cap 
be mounted on top of the chassis 
merely by mounting the speaker closer 
to the tank coil. 

At this stage the oscillator tank coil 
can be constructed. The hardest task 
here is to obtain the 234” bakelite coil 
form. If none can be obtained, the 
old oatmeal box or some facsimile 
thereof can be used. A total of 15 
turns of No. 22 enamel wire is used, 
The tap for grounding the coil is about 
22 turns from the plate end. Enough 
wire can be left at each end of the 
coil to terminate under the chassis, 
The coil itself is then mounted by two 
small angle brackets to the chassis. 

The wiring is now completed, with 
the terminals of the oscillator coil con- 
nected across the 500 mmf. padder u- 
der the chassis. The 1000 mmf. silver- 
mica condenser is also connected 
across this padder. 

The receiver is sufficiently shielded 
and bypassed to avoid oscillation, but 
if this should occur because of close 
proximity of the large loop, make sure 
that all grid and plate wiring hugs the 
chassis, with special precaution taken 
to wire bypass condensers as close to 
the tube contacts as possible. 


Underside view shows batteries. 
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Construction of the loop involves 
<ome elementary carpenter work, us- 
‘ay four pieces of % plywood, two 
pe er pieces and one length of 1%"x 
oe stock. Two of the pieces of ply- 
wood are cut to 17"x2" the other two, 
17%"x2". They are joined together 
forming a square and held together 
by angle brackets off to one side. The 
two wood corner braces are attached 
with wood screws to two opposite cor- 
ners. The 1%”"x1%”" stock of about 
4 feet in length is then bolted to each 
wood brace, the tip sawed off to a 
point to match the corner of the 
square. : 

Seventy-six turns of number 28 wire 
are then close-wound, beginning the 
wiring on the side opposite the corner 
braces and angle brackets. The wind- 
ing is terminated at two tle lugs to 
which the loop cable is attached. This 
Joop connector cable consists of about 
three feet of shielded antenna sleeving 
with number 32 wire as the inner con- 
ductor. The shield is soldered to one 
of the loop lugs, with the inner con- 
ductor to the other. The opposite end 
of this loop cable is connected to a 
standard microphone female screw 
type connector. 

Tuning Operations 

Aligning the receiver is a rather 
simple matter and requires the use of 
a test oscillator capable of supplying 
a170 ke. signal. The oscillator is con- 
nected to the grid of the IN5GT rf. 
amplifier tube and set for a modulated 
170 ke. signal. The i.f. transformer is 
now resonated for maximum audio 
signal in the speaker. If an output 
meter is available it should be used. 
However, the adjustment is compara- 
tively broad and the ear will suffice 
for alignment purposes. 

After the i.f. transformer is aligned, 
the next step is to wrap a single turn 
of hookup wire around the loop and 
connect the test oscillator across its 
two ends. The 140 mmf. condenser 
under the chassis is now adjusted until 
maximum signal is again obtained. 

At this time oscillation may be ex- 
perienced. It may be necessary to 
move the loop away from the receiver. 
If this does not help, the screen volt- 
age of the detector may have to be 
lowered slightly by inserting several 
thousand ohms in series with the 
screen and bypassing with a .1 mfd. 
condenser. This is usually not neces- 
sary and should only be used as a last 
resort. With the receiver properly 
aligned, a slight background noise 
should be heard in the speaker. 

The transmitter alignment is next in 
line, the main objective being to align 
the transmitter exactly on the same 
frequency as the receiver. The easiest 
Way to do this is to procure another 
“B” supply of 90 volts and temporarily 
connect the positive to the transmitter 
plate and screen supply, and the nega- 
live to the chassis. The transmit and 
receive switch is left normal or in the 
receive position. 

The test oscillator is now again 
Placed across the hook up wire around 
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the loop, but it is switched to the un- 
modulated position. The 500 mmf. 
trimmer across the oscillator tank is 
adjusted until a beat note is heard in 
the speaker. The trimmer is adjusted 
until zero beat is obtained in the 
speaker. At this point the oscillator 
tank will be aligned to the same fre- 
quency as the receiver, and since the 
loop is also resonated at this fre- 
quency, it will therefore be tuned to 
the transmitter. The temporary “B” 
supply is removed and the unit is ready 
for operation. 
Operation 

It is understood, of course, that two 
of these units, or this unit and a like 
transmitter and receiver, must be util- 
ized for two-way communication. If 
it is desired to have one permanent 
installation, with the other unit port- 
able, the permanent installation may 
use a.c. or d.c. power facilities for its 
operation, using 6 volt tubes with a 
few changes in the circuits. This unit 
described is merely a basic unit to 
which the average home radio con- 
structor can add to or change at his 
discretion. If greater ranze is desired, 
perhaps another r.f. stage in the re- 
ceiver or another linear amplifier out- 
put stage in the transmitter may be 
added. 

The most important thing to look 
for when operating Induction systems 
is to see that the receiving and send- 
ing loops point towards each other. In 
other words the planes of the two 
loops should never be perpendicular, 
especially when they are operated at 
some distance from each other. 

During local storms, some interfer- 
ence may be experienced at the induc- 
tion field limits. However, this is only 
occasional and may serve to bring back 
memories of the days when we sat for 
hours at our ham rigs trying to pull 
a weak signal through on twenty me- 
ter phone. 

When experimenting with induction 
transmission, it is wise to remember 
the FCC rule of not permitting the 
signal to exceed 15 xv. per meter at a 
distance of )/2r7. 

Make every attempt to obtain a cal- 
ibrated field strength meter to meas- 
ure the output of your induction os- 
cillator. If nothing else, stick to 
low-power receiving type tubes for the 
oscillator, and try increasing the sen- 
sitivity of your receiver 
range is desired. Such a meter ap- 
peared in the August issue of Rapio 
NEws.— Ed. 
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Your ALLIED Catalog is the key 
to Everything in Radio and Elec- 
tronics — lists Test Equipment, 
Tools, Tubes, PA Systems—over 
15,000 Radio and Electronic Parts 
for industrial application, for war 
use, for instruction, for service re- 
placement. And all this is backed 
by radio’s most complete stocks 
and speediest service! ALLIED 
SERVES: 


WAR INDUSTRY 


American War Industry counts on 
ALLIED for its Radio and Electronic 
equipment used in industrial research 
and production operations. Priority 
orders are given special attention; 
quotations covering all Electronic 
equipment are promptly furnished. 


ARMED FORCES 


ALLIED is at the service of our 
Armed forces, supplying thousands of 
Radio and Electronic items to every 
branch of the services for active use 
as well as for instruction purposes. 
War service has the “green light”’ first 
at ALLIED today. 


RADIO TRAINING PROGRAM 


ALLIED specializes in supplving the 
needs of War Program Radio Training 
classes, Our Educational Division has 
helped hundreds of schools plan and 
carry out their projects. Radio Train- 
ing instructors are invited to write 
for valuable information. 


THE HOME FRONT 


ALLIED helps to keep American 
radios working at top efficiency by 
cooperating with radio servicemen, 
supplying service data help and re- 
placement parts in a manner con- 
sistent with the requirements of the 
war effort. 


KEEP YOUR ALLIED CATALOG HANDY 
FOR EVERYTHING IN RADIO! 
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WHY GROPE? 


You Can Get That 2. 


BETTER 
RADIO JOB 


—insure your present position 
with the help of CREI 
modern Technical Training in 

PRACTICAL RADIO ENGINEERING 

* Don't play “blind man’s buff” with your 

future! Take advantage of today’s op- 
portunities to increase your technical ability 
+ not only to meet the demands of your 
present job, but to rise to a still better job. 

There are good technical positions for ex- 

perienced, trained radi in tur- 

ing, broadcasting, aviation and govern- 
mental fields. CREI home study course in 

Practical Radio Engineering will help you to 


acquire the necessary technical knowledge to 
qualify for the better, higher-paying posi- 


tions. Act i 
‘on — Write for Details 
about CRE! Home Study Courses 


If you have had professtonal or 
ama eur radto erperience and 
want to make more money let 
us prove to you we have some- 
thing you need to qualify for the 


nities that can be yours. To 
help us intelligently answer 
your inquiry please state 
briefly your education, radio 
experience and present po- 
sition. 


Free Booklet Sent 


CAPITOL RADIO 
ENGINEERING INSTITUTE 


RN-9, 3224-I6TH ST., N. W., WASH., D. C. 


Dept. 


MODEL 451 Plays 12—10” records and 10— 


12” records automatically. Easy to install. 
Size 1414” x 134%" x 54%” high. 
List Price $27.50. NET $1650 
SE 6K kbaaceucehoes ieans 


RECORD PLAYER-RECORDER. Rim drive, 


self-starting induction motor. 
Size 15" x 10°. MODEL 230. $1695 
Quantity limited. NET....... — 
Write TODAY for Free Circular 
showing changers, chassis, and cabinets available 
Sor immediate delivery. 

MUTUAL RADIO PRODUCTS CO. 


771 ARTHINGTON ST., CHICAGO, ILL 
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BETTER career-job opportu- | 


from vertical antenna are affected to 
a lesser degree than when emitted 
from a horizontal antenna, and for 
this reason pilots are encouraged to 
take advantage of those stations em- 
ploying vertical antenna. A great deal 
of refraction of signals does not take 
place when vertical antenna are uti- 
lized and because they are more or 
less nondirective can be used to great 
advantage for homing purposes. 

Metal mass reflection is the error 
introduced by metal structures of an 
aircraft such as metal wings, pro- 
peller, etc. This error (often referred 
to as “quadrantal error’) comes in 
the form of wave-front distortion but 
can readily be compensated for. 

Improper compass calibration will 
tend to introduce errors in resultant 
bearings. After instaliation the com- 
pass installation is inspected and ad- 
justed; and immediately after the ad- 
justments have been consummated, 
the installation is flight tested. If the 
adjustments are not accurately made, 
the errors introduced by carelessness 
may prove serious. It is therefore 
mandatory that radio technicians be 
careful and painstakingly accurate 
when making compass adjustments. 

The rotable loop should be cali- 
brated throughout the 360° rotation 
in a manner similar to that of “swing- 
ing” the ship’s magnetic compass. A 
beacon can generally be used. Cali- 
bration should be made at a distance 
of one mile or more from the beacon 
station. The position of the ship with 
respect to a beacon beam must be 
such that a steady dash or on-course 
signal is received. 

The following method of calibrating 
the rotable loop is given: Take the 
ship into the clear on the landing field 
in a clearing away from power lines, 
all-metal structures such as hangars, 
etc., preferably in a clearing where it 
is possible to see the transmitting sta- 
tion. The exact location of the trans- 
mitter should be known with respect 


Antenna system for azimuth indicator beam, 


to the heading of the ship. The ship 
is headed directly toward the station 
and a distant* object picked out fo 
pelorus sighting. The ship is then 
placed in flying position with the tai 
being held up by a dolly with the fuse. 
lage in line of level flight. The ship 
is pointed (longitudinal axis) towards 
the station. The loop is rotated until 
the indicating meter (if one is used) 
is on center scale, and the loop azi- 
muth is set to zero. Calibrations 
should be made at the frequencies 
most generally used. With the ship in 
flying position swing it slowly around 
(counterclockwise rotation) about a 
vertical axis taking simultaneous 
radio compass and pelorus bearings 
and recording the readings. The pelo- 
rus should be situated as close to the 
loop as possible and readings taken 
simultaneously approximately every 5 
or 10 degrees of rotation while the 
ship is swung through at least two 
complete revolutions. The results of 
the calibration are plotted on a cali- 
bration chart similar to the one shown 
in Figure 1. 

After it is determined which read- 
ing is to be taken off the loop azimuth 
scale, corrections are applied to the 
reading using the calibration chart; 
the ship’s compass is consulted and 
the true bearing obtained. After three 
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Azimuth indicating receiver. 


true bearings are obtained (two may 
be used) they are plotted on a map 
of the area now flown, using a pro- 
tractor. Where the lines intersect on 
the map, we will find our position fix. 

The early type compasses were 
nearly all aural null type indicators. 
That is, headphones were used to de- 
termine zero signal or null position. 
However, due to the amount of noise 
encountered in the average aircraft it 
was found that the L-R type compass 
(visual indicator) was more accurate. 

The need for applying corrections to 
the relative bearing obtained from 
the loop azimuth scale, etc., have been 
eliminated by the automatic DF unit. 
With the older types of compasses it 
was necessary that some time be spent 
in arriving at the true bearing and 
necessitated the manipulation of the 
loop antenna, adjustment of various 
controls, and allowed the pilot little 
time to do anything else. 

The L-R type compass employs both 
the loop and non-directional antenna, 
an indicator of the zero-center design 
and is a fine instrument for homing 
purposes. The operation of the L-R 
compass is as follows: a station is 
tuned in (preferably at the aircraft’s 
destination); the loop oriented prop- 
erly, plane toward bow; and the ship 
flown until the needle comes to center 
or zero. If the plane goes to the left, 
flying farther to the left will bring the 
needle back to zero or on-course posi- 
tion. If the ship goes to the right, the 
ship is flown right until the needle 


Tuning azimuth receiver. 
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again centers itself. By keeping the 
needle on center and making proper | 
calculations for drift, an aircraft can 
be flown directly to a station. If an 
aural indicator (not recommended) is 
used the plane is flown so that mini- 
mum signal is always heard; by noting 
signal intensity as the plane drifts to 
the right or to the left it is possible 
to make certain whether the ship is 
going forward or in the reverse direc- 
tion. (Remember our 180° ambiguity.) 

The automatic radio compass (ARC) 
or direction finder, seems to be super- 
seding the R-L and aural types of com- 
pass. (Figure 2 shows a complete ARC, 
Model MN-31 manufactured by Ben- 
dix Radio.) By employing two of these 
compasses, it is possible for a pilot to 
fly a straight line between two desig- 
nated points. These points are of 
course radio stations. One receiver is 
tuned on a station in back of the air- 
craft and one station is tuned to a 
station ahead and on-course. Drift is 
automatically compensated for and 
without the aid of other instruments a 
pilot can travel from one station to 
another (right across the United 
States) by using only his dual com- 
passes. 

No mystery surrounds the ARC. All 
circuits are conventional but highly 
complex and it takes more than a man 
of crdinary experience to service these 
intricate instruments. Proper instru- 
ments must be used to properly ad- 
just the ARC and one slip of the wrist 
can make the whole installation in- 
operative. 

The ARC consists of five units: 
radio compass unit, 


the 
the bearing indi- 


cator, the remote control unit, auto- 
matic loop unit, and the lcop director 
unit, as illustrated in Figure 2. Em- 


ploying both a vertical and loop an- 
tenna the 180° ambiguity in direction 
is eliminated; and immediate bearing 
indications are read directly off an 
azimuth scale of the bearing indicator 
unit. Time is an all-important element 
in modern day flying and the least 
amount of work necessary to operate 
accessory equipment is highly desir- 


able. With the ARC it is only neces- 
sary that the unit be tuned to a sta- 
tion, noting minor corrections in di- 


rection and reading the azimuth scale. 

Two signals are fed into the radio 
compass unit, i.e., one from the ver- 
tical antenna and one from the loop 
antenna. These two signals are shifted 
in phase, then combined and utilized 


(Fig. 3) 


Azimuth plane set. 
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to operate the control circuit which 
rotates the loop in the correct direc- 
tion and gives the correct indication of 


direction, as read off the azimuth 
scale. 

The radio compass unit contains a 
loop amplifier (used for amplifying 
loop signals); a 90° phase shifter; a 
balanced modulator; a superhetero- 
dyne receiver; an audio amplifier; an 
audio oscillator; and compass voltage 
amplifier. The loop control unit con- 
sists of a 400 cycle power supply; a 
motor control circuit; a thyratron con- 
trol circuit. Tuning and sensitivity 
controls are coupled to the superhet 
receiver and the audio amplifier. The 
bearing indicator is mounted sepa- 
rately (preferably near the operator). 

In many instances, manufacturers 
produce certain types of receivers 
which may be used effectively for di- 
rection finding by the addition of a 
loop antenna, vertical antenna, loop 
amplifier, azimuth scale, tuning mech- 
anisms, etc. As a point of illustra- 
tion see Figure 3. The equipment 
shown is the Bendix MN-13 direction 
finding equipment which may be used 
with their RA-1 aircraft radio re- 
ceiver. 

The MN-13 amplifier provides for 
the use of a sense antenna, the output 
of which is mixed with the signal from 
the loop to permit uni-directional 
bearings. The equipment may be used 
for either bi-lateral or uni-lateral di- 
rection finding, with a switch provid- 
ing the choice. The azimuth control 
has a specially designed mask which 
may be used to obtain accurate uni- 
directional bearings without the ne- 
cessity of the usual mental calcula- 
tions. 

The procedure followed is to set the 
switch on the amplifier panel for uni- 
lateral operation and rotate the loop 
for maximum signal. The azimuth 
mask is then set so that the index is 
over the pointer and a bi-lateral bear- 
ing is taken. The mask, which of 
course does not move with the azi- 
muth pointer, covers all of the azi- 
muth scale except that section within 
which the proper uni-lateral bearing 
should fall. Thus the sharp, bi-lateral 
null indication is used to provide uni- 
directional indication of bearing. 


By employing either a 9- or 18- 
inch loop (MN-20-MN-24), satisfac- 
tory service is rendered depending 


upon the type desired. The larger loop 
is approximately four times as sensi- 
tive as the 9-inch loop and is there- 
fore better suited for long-distance 
direction finding. It stands to reason 
that the greater area available the 
greater the sensitivity. However, as 
signals decrease in intensity and as 
stations are a greater distance from 
the receiving station the null, of 
course, will be wider; and as the air- 
craft approaches the station tne null 
will be much narrower. 

Nearly all loop antenna are shielded. 
When the compass is used as a 
beacon receiver and a range is flown, 
static caused by precipitation, snow, 
ice, etc., the shielded loop will af- 
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ford much quieter operation. If pro- 
visions are made for switching the 
vertical antenna and loop antenna 
into the input of the receiver sep- 
| arately, the vertical antenna should 
be used when static conditions are not 
bad. Another point to remember when 
using range beams for homing and 
when a R-L type compass is utilized 
is that the proper zeroing of the azi- 
muth (proper null) should always be 
checked. When on the “A” or “N” leg 
a slight wavering of the needle will 
be noticed and the adjustment of the 
compass should be made so that an 
average “swing” on the needle is ob- 
tained. In some compasses this is 
readily compensated for by a special 
circuit which allows maximum indica- 
tion regardless of signal amplitude. 

The installation- of radio compass 
equipment should be approached from 
an exacting angle. The over-all effi- 
ciency of the entire installation is 
dependent upon initial installation 
standards. The aviation radio tech- 
nician should familiarize himself with 
standard installation procedure and 
prior to installation of equipment with 
which he is not familiar should con- 
sult the manufacturer’s manual cov- 
ering that set. 

The antennae system is usually in- 
stalled first. Armed with the manu- 
facturer’s recommendations and the 
recommendations of the aircraft 
manufacturer, the technician should 
have no difficulty in installing the an- 
tennae system. 

The larger units of the compass 
equipment are then installed, and may 
include the receiver, power unit (if 
separate from receiver proper), re- 
mote control units and lastly jack 
boxes if used. 

If the aircraft in which the instal- 
lation is being made contains other 
radio equipment such as a transmitter, 
receiver, etc., the plane will more than 
likely be properly bonded and various 
circuits shielded. If no other equip- 
ment is found installed it would be 
wise to check bonding, shielding, and 
filtering of low power supply circuits. 

Prior to installation, all units of the 
DF should be carefully inspected and, 
if possible, bench tested. Bench test- 
ing each unit will save much time 
after all parts are correctly placed in 
the plane. 

The shop in which radio compass 
equipment is serviced and repaired 
should be a room which is thoroughly 
shielded by copper screening or metal 
screening which can be readily 
grounded at many points. Spurious 
signals emanating from signal gen- 
erators used in other parts of the shop 
will be eliminated by employing a 
shielded room and will add to better 
adjustment of the unit. 

Common troubles often experienced 
with radio compass equipment are as 
follows in the order of occurrence: 
Sensitivity drops off . . . check tubes, 
cleanliness of volume and sensitivity 
controls, loop connections, cable con- 
nections between power units and re- 
ceiver, etc., (if used); and last, check 
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the aircraft’s battery. On R-L com- 
passes the indicator will sometimes 
cease to function or it will give erro- 
neous readings. Check for the follow- 
ing: Weak or faulty tubes; check indi- 
cator’s coils and exterior connections, 
faulty loop and vertical antenna con- 
nections, then check supply voltages. 
If the compass seems noisy, check the 
dynamotor for dirty or worn commu- 
tators; check dynamotor’s filter; check 
audio output tubes; check faulty bond- 
ing and shielding. In some instances 
the generator condensers may be open 
and should be replaced; and voltage 
regulators may have worn dirty con- 
tacts. 

If selectivity drops to a low “mini- 
mum,” check band switch contacts, 
alignment of tuned circuits and tubes. 
If volume cannot be readily controlled, 
check volume and sensitivity controls 
and make a careful circuit analysis 
using a signal tracer. If a cathode 
ray type indicator is used, check sup- 
ply voltages, sweep circuits, if the unit 
does not function properly. If bearings 
seem to be off, check the quadrantal 
chart’s accuracy and if the azimuth 
scale is of the detachable type, its 
orientation should be checked by com- 
paring loop settings if possible with a 
similar installation. 

If the radio compass is installed and 
additional radio equipment is then in- 
stalled, the quadrantal error intro- 
duced by other antenna should be 
checked. Because additional antenna 
systems add to the overall metal mass 
of the aircraft, additional error is in- 
troduced which must be compensated 
for and added to the calibration chart 
mentioned in the forepart of this 
lesson. 

Direction finding using Adcock an- 
tennae systems has been and is being 
successfully used in ground stations. 
Using the higher frequencies it is pos- 
sible for a ground station to plot an 
aircraft’s position as much as 1000 
miles or more distant. This necessi- 
tates transmitting a signal from the 
aircraft at specific intervals. After 
the ground station has obtained a 
bearing it transmits this to the air- 
craft via radio in flight. Automatic 
azimuth indicators using a cathode 
ray tube as the azimuth indicator has 
proven successful and is one form of 
DF apparatus. 

There no doubt will be many new 
aids to air navigation introduced dur- 
ing the next ten years. However, it 
will be much longer until an instru- 
ment is found which will have given 
the pilot the assistance that our pres- 
ent day compasses have already ren- 
dered. 

It is up to the aviation radio tech- 
nician to constantly investigate new 
compass design in order that he mal 
render the efficient service demanded 
of those who have taken it upon them- 
selves to provide virtually, the “ey@és 
and ears” of our pilots. : 

(To be continued) 
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